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APPENDIX A

ORIENTATION INTERVIEW ANALYSIS

I. PURPOSE OF INTERVIEWS

Orientation interviews were undertaken during the Phase

I activity to accomplish the following objectives:

(a) identify key personnel with valid engine maintenance
management background, experience and responsibility;

(b) formulate relevant and valid operating scenarios for
the survey;

(c) familiarize management at targeted base, ALC, HQAFLC,
and MAJCOM centers within the TEFDI program.

Members of the program team interviewed key Air Force person-

nel at the target organizations listed in Table 1. Personnel

selection at each site was limited by scheduling requirements.

A reasonable cross section of viewpoints was solicited and the

response at each site was excellent. In the following summaries,

the opinions of the interviewees are presented.

1.1 BASE ORIENTATION MEETINGS

Base orientation meetings were held at 1 TFW, Langley AFB

and 354TFW, Myrtle Beach AFB. The objectives of the meetings

were as follows:

(1) Types of maintenance decisions that are being made
at the base level.

(2) Frequency and priority of base level engine maintenance
procedures.

(3) Information currently utilized at the base level to
make engine maintenance decisions.

(4) Format and accessibility of engine management informa-
tion.

A-1
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Table 1 Organizations Targeted for Orientation Interviews

ORGANIZATION LOCATION ACTIVITY

1 TFW Langley AFB F15 Base

354 TFW Myrtle Beach AFB AID Base

San Antonio ALC Kelly AFB Engine Depot

Oklahoma City ALC Tinker AFB Data Service Center

HQTAC Langley AFB Major Command

HQAFLC Wright Patterson AFB Headquarters

A-2
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1.2 MAJOR COMMAND ORIENTATION MEETINGS

Orientation meetings were held at TAC headquarters, Langley

AFB and with personnel experienced with SAC/MAC/ADC procedures

who are currently assigned to HQAFLC, WPAFB.

Objectives for Meeting with HQTAC Personnel

The following items will be explored with cognizant personnel:

(1) Impact of TAC's mission on maintenance and engine

management procedures.

(2) On-going condition monitoring programs.

(3) Experiences with on-condition maintenance and engine
monitoring.

(4) Operational obstacles to the implementation of automated
turbine engine monitoring at the base level.

(5) Performance factors that are tracked at the TAC command
level (e.g., sortie rate, NRTS, maintenance man hours
per operating hour, etc.).

(6) Information currently available for formulating and
tracking these performance factors.

(7) Format and accessibility of engine management information.

Objectives for Meetings with SAC/MAC/ADC Personnel:

(1) Impact of the respective command's mission on maintenance

and engine management procedures and policy.

(2) On-going condition monitoring programs.

(3) Automated turbine engine monitoring and its impact
on base level operations.

(4) Operational obstacles to the implementation of automated
turbine engine monitoring.

(5) Information currently utilized to make engine maintenance
decisions.

(6) Format and accessibility of engine management information.

(7) Experience with %IMICS.

A-3
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II. INTERVIEW RESULTS

Both discussion sessions and personal interviews were completed

at each target organization. The following sections document

these results. 1A,

2.1 BASE LEVEL

2.1.1 Discussion Analysis

Based on information obtained during base level orientation

discussions, certain key issues for automated engine monitoring

and maintenance/logistics management have been identified.

These issues will impact the system requirements generated in

Phase I.

(1) Base Level Operations -- The requirements of the users

at the base level will drive the system requirements for turbine

engine monitoring. This applies particularly to the format

of data, hardware capability and the update frequency. The

base appears to be the best place to manage the individual engines.

The ability for base personnel to diagnose and isolate engine

faults is a critical requirement for the generic TEMS. In order

to exploit the modular engines, e.g., the F100, tiiis isolation

must be to the module level. Last year, 120 assembled F100's

were transported to SAALC for maintenance. A significant portion

of these returns could be attributed to the bases' inability

to isolate the engine fault.

Currently, the only information used to manage engines

are LCF counts, operating hours, and diagnostic signatures.

This information needs to be cross-referenced to engine serial

number, aircraft tail number, base location and Julian date.

Multiple signature spreads, trends, and other information (e.g.,

GPA, SOAP, vibration history) would be available to users on

.\- 4
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an exception basis. It will be important to determine which :

base level personnel need to interrogate the system and determine

which portions of the data base they can access.

It is anticipated that the major impact of automated engine

monitoring will be felt at the base level. The system requirements

should address the constraints of the base operating environment

(e.g., limited manpower, level of skill, man-machine interface,

etc.).

(2) MMICS Experience -- The Air Force experience developing .

and implementing the base level MMICS processor underscore the

criticality of integrating base level hardware/software requirements.

The information capabilities of MMICS impact interface requirements

for automated monitoring.

2.1.2 Personal Interviews

2.1.2.1 Data Processing Specialist

(1) Profile: This USAF Major has extensive experience

in maintenance policy/procedure development regarding data process-

ing requirements dating from C4016 system. At TAC, he developed

engine tracking procedures unique to the command and was involved

with base level processing until MMICS came on board. He has

been in automated systems management for hardware, weapon system,

MAJCOM, and field level applications.

(2) Data System Requirements and Observations:

(a) MMICS interface with OCALC data bank creates
problems with compatibility, especially of data
edits at two locations. Base level system keeps
time change item responsibility, tracked components,
configuration management and life consumed.

(b) Time change tracking system at Langley requires
685000 disc segments for MMICS. Updates come
towards from flightline via EHR inputs, and manual
cycles. Every transaction is transferred to
OCALC daily via AUTODIN. Base records encompass
approximately the last 90 days of data.

A-5



(c) Information required at base involves time change
forecasts and all parts linked to next higher
assembly for ease in location.

d) Base experience and success with MMICS ranges
from excellent to very poor, depending on local
base management support.

2.1.2.2 HQTAC Base Engine Troubleshooter

(1) Profile: This SMSgt has extensive experience in engine

maintenance starting in 1961. He was a field instructor for

nine years on the J79, J56, J33, J57, TF41, TF30. He has had

extensive Flll (TF30) experience in fighter wing, test cell,

trim pad and JEIM activity. Recently has had been working F100

problems extensively.

(2) Observations on maintenance information requirements:

(a) The F100 is basically a "good engine" with support
ability problems. They are currently shooting
for 95% availability and at 94.3% depot return
rate from JEIM. They are currently using the
following AGE:

* SCS tester (supervisory control)

@ trim box

e SOAP

e Looking at EMS manual performance system.

(b) His information "wish" list for troubleshooting
includes:

* FTIT clicks and margin

9 FTIT spread

* rate of disc usage

* borescope inspection results.

(c) Currently, engines are being trimmed every 60
operating hours with depot returns averaging
400 hours.

A-6
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(d) He believes EDS would give the Air Force the
opportunity to do preventive maintenance to avoid
catastrophic failure, to be "smarter" in trimming
and fault isolation.

(e) Gas path deterioration analysis should allow
the engine to run to a point where it needs to
be pulled. Sensor failures must be discovered
without generating anamolous maintenance requests.

(f) There is a major problem currently with F1O0
parts tracking because approximately every third
component is cannibalized from other engines.
This causes tracking system accuracy problems.

(g) Opportunistic build is an interesting future
concept with a validated gas path capability
and modular engines. Establishing module perfor-
mance level on depot return is a problem, since
no test cell data is available.

2.1.2.3 TAC Engine Manager

(1) Profile: Sgt. has experience in engine management

specified in AFM 400-1.

(a) Engine managers are not required to be cognizant
of engine maintenance procedures.

(b) The prime responsibility is to maintain accurate
engine status information using AFTO 1534 forms
input to the OCALC D024 system.

(c) Currently TAC reports status in following categor-
ies:

e serviceable spare

e build up

9 maintenance

* awaiting maintenance

e RAW

* ENMCS

(d) Other engine manager responsibilities include
spare levels, war reserve, pipeline information
inputs and resupply status.

A- 7
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2.1.2.4 Base Propulsion Maintenance Specialist

(1) Profile: This MSgt has experience working "about

every" engine owned by the Air Force over the past twenty years.

Specialties include wing maintenance efficiency analysis, and

production. Recently he has worked the LWF and YF16 and YF17

programs at Edwards AFB, the F16 acquisition, J79 program develop-

ment and F100 engine problems.

(2) Comments on maintenance information requirements:

(a) The system should be totally integrated. It
should be usable by all base personnel down to
the Airman 3 level at the line.

(b) Currently expertise is being lost at the base
because the tech data is not equal to the weapon
system requirements and training is not commensur-
ate with the problem.

(c) The automated system is not the end item. Its
design should understand the user's problem and
let the user know about the problems of other
users.

(d) Outputs should be formatted so that the maintenance
person can interrogate the system at his level
and utilize his experience. Give him the informa-
tion but let him make up the story.

2.2 AIR LOGISTICS CENTER

2.2.1 Discussion Analysis

San Antonio ALC

(1) SA-ALC is responsible for the repair and overhaul

of the T56, F100, J79, TF30, and TF39 engines. The large U-

shaped building used for maintenance was designed for the overhaul

process (complete disassembly and repair). An engine enters

through one wing of the building and is routed through disassembly,

cleaning, inspection, rework, assembly and is shipped through
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the opposite wing. Modification will be required to redistribute

work stations to make the facility better equipped for OCM.

Currently, the F100 is the only engine maintained by OCM. Other

engines are slated to be changed over in the next two years.

(2) The monthly work production quota for the F100 are

6 engines, 6 fans, 28 cores, 8 turbines, 6 gearboxes, 10 augmen-

tors, 12 high pressure turbines. The depot is required to meet

this production schedule.

(3) On-Condition Maintenance -- The objective of on-condition

(or conditional) maintenance is to specify the repairs that

are necessary to return an engine or module to serviceable condition

(i.e., complies with established mission and safety standards).

The performance of outstanding non-urgent TCTO's or other opportun-

istic maintenance on life limited components should only be

prescribed when economical (e.g., when the engine is already

disassembled to the level necessary to perform the additional

work). In order to effectively implement this maintenance concept,

the OCM team needs specific information on each engine/module

returned for depot repair. A list of items was suggested as

candidates for inclusion in the OCM oriented iformational displays.

They include:

* removal reason and nature of malfunction

e diagnostic analysis

e overtemperature bands

e FTIT out of band

9 performance trends

* borescope and test stand reports

9 vibration history

* SOAP

o maintenance history

o outstanding TCTO

* balance of life on any time/cycle limited components

A-9
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It will be essential to correlate the engine performance

information via GPA with historic maintenance actions. This

is the first step in establishing symptom/cause relationships

to support the concept of OCM.

(4) An OCM team was observed during an evaluation session.
The team indicated that the maintenance history was currently

the most important factor in their decision process. The G337

products were referenced as needed. They felt if more comprehen-

sive information were available on an individual basis, it would
greatly improve the OCM process. Scheduling and the production

quota seemed to be the drivers of the amount of opportunistic

maintenance that was prescribed.

Oklahoma City ALC

(1) All concerned were convinced that engine diagnostics

and trending could successfully be used to predict imminent

engine failures, reduce secondary damage and reduce unscheduled

maintenance. The statement was made that SAC has documented

100/100 "hits" in predicting incipient failure based on tracking

EGT's, EPR's, TSFC, RPM, etc.

(2) Currently OCM is being used at OCALC on the J57 (B52

& KC135) and the TF30-P3. Some problems with data interpretation
have been experienced. A lot of the diagnostic work is post

failure analysis. No OCM or trending is currently done on the
TF34 or TF41. LCF and hot time, reporting are the primary monitor-

ing parameters.

(3) The major TF30 failure modes are currently:

(a) Fan Blade Failure Disk & Hub Cracking

(b) #1 Compressor outer burner case rupture

(c) Air Seals on Compressor Blades

(4) Current TF30 procedures are to track accumulated hours
by S/N at the component level. For these principal components,

.\ - 1()
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"K-Factors" which relate accumulated hours to flight equivalent

hours are being developed. For example, 1 hour in the test

cell during AMT testing might be equivalent to 2.35 flight hours

on the fan blades.

(5) A general comment was made regarding data systems

generated by AFLC in the past. It was felt that previous systems

were too tailored towards data and information needed for logistics

management. The survey questions should be carefully designed

to specifically isolate the different data and information needs

at each level -- depot, base and logistics, maybe even to the

point of asking each user what his view of the differences in

requirements are.

2.2.2 Persoral Interviews

ALC Management

Comments concerning maintenance information systems and

integration of automated data acquisition and performance analysis

were solicited from the ALC operational management supervisor.

(1) Deployment and particularly which aircraft, installed

engines and engine spares to send is an important operating

scenario. Another important issue is the deployed G337 system.

(2) The "age of data" requirement will impact how frequently

the base level data base will be updated. It will also impact

the format in which the data is displayed. AFLC personnel experi-

enced with managing the engine inventory at MAC indicated that

the update frequency should be 24 hours.

(3) 99% of the time tne only information required to manage

engines are LCF counts, operating hours, diagnostics signatures,
and cross reference of the engine serial number to aircraft

tail number, base location, and Julian date. Multiple signature

spreads, trends and other information would be available to

selected users only on an exception basis.
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(4) It will be important to identify any problems with

the G337/MMICS interface. Some of the current problems are

probably linked to the preparation of data forms manually by

base management.

(5) There is a need to correlate GPA ("Health") rating

with maintenance actions. For example, if blade and vane failures

are attributed to higher temperatures, the flame profile and

pattern may be an important indicator. The ALC operations super-

visor feels there is a need to develop a statistical data base

that makes a valid correlation between performance trends and

maintenance action.

(6) Ile stated his philosophy that the engine management

data base should be composed of a front-half and a back-half.

The front-half is the local data at the base level in terms

of hours, LCFs, and some weighted engine health signature(s).

The back-half is composed of summary engine data for hours and

cycle information by engine serial number and location. He

stated firmly that the primary base level data displayed should

include as a minimum:

(a) engine S/N

(b) aircraft number

(c) Julian date

(d) base location

(e) total engine hours

(f) LCF counts

(g) engine health signature.

He referred to personnel at Kelly who successfully managed

the MAC engine inventory using these parameters. This data

once laundered through the bases can be transferred to the depot

through the MMICS network. Typically, the engine manager in

MAC might need this data updated every 12 hours. However, the

operational limit seems to be a 24 hour update cycle (that's

what .MICS is designed to do).

* ,



(7) He seemed very concerned that we obtain realistic

requirements from the engine manager and chief of maintenance

level.

(8) System Requirements: He defined the following list

of questions to be answered by the TEMS data base:

(a) What are the current values of the engine and module
parameters? (see previous list)

(b) Has the engine been trimmed recently? How many times?
(might also be interested in how much trim adjustment
is remaining for temperature, EPR and speeds)

(c) Has this engine suffered from stagnation stall?

(d) How do a,b, and c relate to previous engine maintenance?

(e) Can previous engine and module data be correlated
with previous parts consumption? (there currently
appears to be some correlation between parts coming
off AMT engines and parts from depot, e.g., % O.T.
can be correlated with % blade replacement/repair.)

ALC Data Processing Specialist

(1) Profile: Since April 1977, the Lieutenant has been

Project Engineer for the OCM Program at SA-ALC. He has served

ten years of enlisted duty and has participated in the Air Force

education commission program to earn a degree in mechanical

engineering. Past assignments include HQ Command and Communica-

tions, Bolling AFB. He is familiar with the Maintenance Data

Collection System (AFTO 349). His present duties involve user

interface for the G337 engine parts tracking system for the

FIO0.

(2) The MMICS software was designed to be programmer efficient,

not user efficient. A four card format is required for the

transfer of information from base to CDB. Input edits have

been implemented to reduce input error and improve quality of

MMICS data. 781-E Maintenance Data is now available via the

MMICS TREs (transfer records). He reports that the voluminous

TRE printouts are a cumbersome replacement at SAALC for the
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old 781-E forms. According to a Msgt from the maintenance facility,

the manually recorded data is held to be more reliable and accurate

than the MMICS products.

(3) The history behind the location of the CDB at OCALC

began with the MASIIS computer used on the C-5 aircraft program.

When the IBM 360/65 was transferred to the Air Force, SAALC

had wanted it on site because of their responsibility for C-
5 maintenance. Instead the MASIIS was installed at OCALC.

The original IBM 360/65 has been upgraded to a triplex unit.

SAALC's IBM 1130 system is linked by a dedicated line to the

OCALC computer facility.

(4) G337 is the parts tracking data system for the F100

engine. The base is responsible for updating G337 daily with

information from the EHR. Currently, 94 time/cycle limited

components are monitored. Two G337 products are used extensively

for OCM decisions. They are the 3032 report (engine composition)

and the 3017 report (life accrual). The 3017 form is used to

direct opportunistic maintenance on the life limited components.

It lists the life balance in cycles or hours for the 94 key

components. Because of cannibalization and failure to report

the serial numbers on replaced components, information in the

G337 is often incorrect. When an engine passes through SAALC,

serial numbers on the disassembled engine are recorded manually

and compared with those on the 3032. G337 reports use tabular

listings exclusively; the density of data is high.

(5) He describes OCM as being a totally subjective process.

The team consists of personnel representing material management

(an engineer and technician) and the maintenance facility (scheduling,

quality control, production). A local engine manufacturer represen-

tative is often present. The current lead engineer is very

qualified. OCM is dependent on thorough engine condition/perfor-

mance information. This is currently unavailable to the team

on a timely basis. He would like to see the following assembled

in a comprehensive engine profile for OCM:
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(a) removal reason (e.g., forced or caused)

(b) malfunction occurence

(c) maintenance document

(d) borescope report

(e) FTIT out of bands

(f) SOAP

(g) history (781-E)

W test stand report from base

i) history of overtemperature bands I
(j) outstanding TCTOs

(k) G337 products.

(6) The real impact of engine monitoring and improved

engine management at the depot would be to increase the efficiency

of moving the asset through the repair facility (this probably

does not represent real cost savings unless the Air Force can

support engines with less manpower). The performance data will
remove some of the subjectivity from the OCM process. The big
implementation problem will be how to convince the personnel

to use the system.

(7) There are two scenarios for deployed squadron engine

monitoring. Under the first there would be no terminal at the

remote location. TEMS data would be flown back to the home

base weekly. In the second scenario, the squadron would have

a mini computer with a local data base.

2.3 HEADQUARTERS AFLC

2.3.1 Discussion Analysis

(1) Information currently available for engine management

is not easily accessible in a format optimized for use in the

A-IS
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maintenance process. Previous Air Force engine data systems

have been tailored to the requirements of logistics management.

Because of the different functions of engine maintenance and

logistics management, current data systems do not specifically

address the informational needs of the maintenance managers.

A key objective of the orientation visits is to isolate the

particular engine data and information required for fault isolation

and maintenance specification at the base and depot levels.

(2) The outputs of engine monitoring and trending must

be correlated to engine maintenance concepts. Experience with

currently implemented engine monitoring systems described by

cognizant Air Force personnel supports this hypothesis.

(3) Implementation of turbine engine monitoring will impact

base operations. The implementational aspect is the most critical

element in the specification of requirements for an engine monitor-

ing system. It is essential to factor in the potential impacts

and identify any problems that may occur.

2.3.2 PERSONAL INTERVIEW

TEMS Program Manager

Comments concerning the future of performance monitoring

in the Air Force and the potential impact on the logistics and

support of engines were solicited from a TEMS program manager.

(1) Profile: As a Captain in the Air Force, he flew F-4's.

He was a member of the F-15 site acquisition team at Luke AFB.

During a two year assignment to the Air Force Aero Propulsion

Laboratory, he was engine propulsion analyst for the F100.

He also served as FI00 EDS Program Manager and supported the

F100 engine at the FlS SPO. Currently assigned to AFLC he is

director of On-Condition Maintenance. He is involved with the

development of policy and procedures for the A-10 and J-8S TEMS.

He also is the AFLC coordinator for the F100 EDS Program.

A-16
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(2) The A-10 system is the first attempt by the Air Force

to implement a TEMS that functions in an operating environment.

(3) The single biggest failure of MADARS is the innundation

of data. TEMS should be equipped for continuous monitoring

but not continuous recording. In his opinion the recommendation

to equip all TEMS with continuous recording capabilities is

unsound. He feels that the continuous recording option should

be reserved for only a small portion of the fleet and used at

the AFLC level to identify needed improvements in engine design.

(4) The DDU concept is not unique to TEMS. The uniqueness

is the information itself and the ability of the receiving data

system to handle the flow of information.

(5) Acceptance of the CRT displays does not appear to

be an insurmountable problem. Base and depot level personnel

are familiar with tabular hardcopy information and are not currently

aware of the options available with graphical displays. It

will be important to educate them to the potential display options.

(6) He believes that a comprehensive management capability

will ultimately improve the communication problems between the

base and the depot. It will provide ALC, MAJCOM and Base Engine

Managers with a common data base.

(7) It is conceivable that the Air Force may decide to

abandon the current hardware for MMICS. This decision will

be influenced in part by the software required to handle and

process the engine performance data. He mentioned that it will

be important to specify a backup mode for TEMS in the event

that MMICS is down.

(8) He feels that with automated engine monitoring the

Air Force will be able to do a better job of engine management

with fewer people. The major impact at the base level will

be a overall increase in the understanding of engine operations

and support. At the depot level engine monitoring data will

impact the practice of OCM. Depot and base level managers will
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be working from a common data base, AFLC and the major commands

will have more visibility into the engine management situation.

They will have a better basis from which to perform surge analysis,

predict global engine removal rates and workloads, and improve

supply posture. Information from propulsion monitoring will

also be helpful in the development of software to specify policy

and procedures for opportunistic maintenance and optimal engine

build.

(9) The time criticality of information required at the

base level will be a prime driver in the specification of the

system requirements.

(10) The engine manufacturer is performing the F100 Reliability

Centered Maintenances (RCM) Analysis. They will be responsible

for establishing hard time and fly to failure components, for

setting inspection intervals and developing OCM procedures for

the F1O0. He envisions that the performance data will potentially

be used to feedback and update RCM standards set on the F100.

(11) In response to the question of system acceptance,

he answered that he felt the field people (base level) were

in dire need of help and for this reason they should be willing

to use an automated system. The key will be to make it clear

that the system will assist them in their daily work and provide

useful information for workload scheduling and decision making.

If we can get this concept across and if the displays we design

are meaningful, then the system should sell itself.

(12) In general, the response requirements for data base

updating is 24 hours at the base level. For longer term data

(historic), at least one base level computer (CRT) should be

able to interface with the MMICS computer.

(13) A general software design consideration should be

the number of engines for which each engine manager is currently

responsible. He commented that where the airlines have a ratio

of 1 engine manager for every 200 engines, the Air Force currently

has a ratio of 1/3000 engines. The summary engine health and
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trending data should, therefore, be organized in a format suitable

for simplifying the engine manager's workload and decision making.

2.4 MAJOR COMMANDS (MAJCOM)

2.4.1 Personal Interviews (HQTAC)

HQTAC TEMS Liaison

(1) Profile: During the lengthy career of this SMSgt,

he followed the development of Northrop EHMS hardware from the

initial test on the T38/J85 by the Air Training Command (ATC)

at Randolph AFB. He has been instrumental in the application

of the systems hardware on the A-10/TF34 at Myrtle Beach and

the development of the service evaluation plan. This knowledge

coupled with his expertise in engine maintenance management

at the base, depot, and command levels made him a key source

of input for the systems analysis.

(2) An extended interview was held to brief him on the

program, discuss his survey response, and elicit his comments

on additional scenarios and displays. His personal experience

with the TEMS hardware was discussed and implementational aspects

of a generic system within the Air Force maintenance/logistics

framework.

(3) Comments on survey and maintenance information systems:

In both his written responses and the subsequent discussions,

he strongly emphasized the need to correlate maintenance history

with performance trends. In the survey displays only summary

indicators of certain maintenance actions were provided with
the trends. He indicated that this was inadequate. In order "

to understand the cause and effect behind these trends it would

be necessary for shop maintenance personnel to have specific

information on the procedures, and component replacement/repair

that occurred during any maintenance action. This information

is presently collected manually and available for MMICS. A
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mechanism must be established for cross-referencing relevant

history with an appropriate interval of trended GPA performance

data (e.g., last 100 operating hours) and providing the information

to the user on a single display. One caveat that he placed

on the available historical data was the issue of accuracy.

He indicated that inaccuracy was induced from two sources:

errors in actual recording of the data, and abbreviated descriptions

of maintenance actions resulting in omission of important details.

He identified the requirements for enhanced diagnostic

information on the engine profile. He felt that the diagnostic

message on the sample displays was only marginally adequate.

Suggested enhancements included peformance information related

to the specific flagged event and a synopsis of the probable

causes for the fault.

In general, he preferred the displays with denser information

content. He indicated a number of additions and deletions that

were consistent with the survey response (e.g., deletion of

the spares rate from the base status summary, additional informa-

tion on repair status of uninstalled engines, etc.). He had

certain reservations with respect to management by exception,

particularly as it related to data on the engine profile. He

indicated that when an event triggered a highlighted message

in the vibration or SOAP categories he would like to see the

associated level (e.g. G/B 3.9 mils) before accessing a subsystem

summary.

He prefaced his comments on the maintenance forecasting

scenario by saying that performance trending and accurate prognos-

tication are key to the application of true 0CM. He pointed

out that the use of the word "failure" on some of the displays

had a bad connotation within the Air Force interpretation of

OCM. "Failure" implies the principle of fly-to-failure, which

is the very practice the Air Force is attempting to avoid via

performance trending and OCM.
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In addition to the monthly displays of time/cycle and perfor-

mance removals, he identified the need to establish a watch

status report. Its purpose would be to flag engines that exhibit

step changes in SOAP or vibration or significant trends in degraded

performance of net or module GPA. This display would identify

those engines whose health should be currently monitored on

a regular basis (e.g. every other day, weekly). The watch status

report would enhance the manager's capability to anticipate

near-term maintenance on an individual engine basis. The benefits

of such a capability would be twofold:

0 identification of incipient failures and projection
of required repairs and replacements;

* extraction of the maximum life from an engine, module,
or component without operating the asset to the point
of failure or severe degradation.

Besides citing the engine serial number, installed aircraft

tail number, and watch status reason, the report should include

other engine usage factors (e.g., time/cycles, HST I/Il) that

might be instrumental in potential specification of a maintenance

action. These factors would be a subset of the information

normally available from a sort request. (In effect the watch

status report is an automatic sort on all installed engines

whose status has been designated as watch.)

The watch status report allows base level shop management

to make more effective use of their time. By crearing an engine

status that falls between full mission capability and alarm

condition (critical), the manager is alerted of a significant

mit non-critical shift in a monitored performance or usage factor.

Ti~e watch status display identifies those engine profiles and

relevant subsystem summaries that currently require careful

monitoring and regular access by the manager. This supports

the management by exception concept, i.e. selective identification

and access of engine profiles.
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In terms of deployent scenarios, he identified that engine

health/condition is only one element of the selection process.

Generally, mobility planning identifies a group (e.g., squadron)

of aircraft that are FMC and properly configured for the deployment

scenario. At that point the wing chief of propulsion would
be asked to assess the engine health and recommend the aircraft

to support the deployment requirements. Under these procedures

a joint GPA ranking would be applicable only after sorting the

engine files based on the eligible aircraft. For a multiple

base deployment, HQTAC generally tasks each base to provide

a certain number and type of aircraft and spare engines. The

interactive deployment planner would probably be more applicable

at the base level.

HQTAC Maintenance Officer

(1) Profile: This USAF Captain served as a maintenance

officer for a Flll wing under a POMO. He was recently assigned

to the engine monitoring group at HQTAC, Langley AFB. He will

be following the A-10 TEMS program at Myrtle Beach.

(2) EHMS/TEMS appears to cause maintenance. In the Air

Training Command (ATC) demonstration at Randolph AFB, TEMS "cost"

more manpower at the base level. The problem with the ATC experi-

ment was that there was really no control placed on the "control"

group. ATC operates a reliable, mature engine. The mainten-

ance personnel were experienced. ATC characteristically has

less manpower turnovers than any other command. Engine problems

flagged by the TEMS were identified by the skilled maintenance

staff. The report that resulted from the ATC TEMS experiment

was not supportive of engine monitoring. Recent documents from

ATC reveal that the command has altered its position and has

taken a "pro-diagnostics" stance. The TAC mission is conducive

to monitoring because the mission impacts engine health. During

the Holloman TEMS tests, pilots reported discrepancies often

occurred when the aircraft was being operated outside the estab-

lished profile. TENS data was used to verify this.
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(3) He compared the implementation of SOAP to engine monitor-

ing When SOAP was first introduced as a maintenance tool at

the base level, there was wide-spread skepticism. Today, SOAP

has become an accepted indication of engine health. Performance

monitoring should offer the same sort of benefits if properly

implemented. He feels that automated monitoring may very well

be the SOAP of tomorrow.

2.4.2 Personal Interview (SAC)

Former SAC Engine Manager

(1) Profile: As a USAF Captain, he served as a maintenance

officer in SAC. He has experience working in both the supply

and maintenance organization at the base level. He also served

as a SAC squadron commander. His next assignment was as SAC

Engine Manager. The bases in his command operated TF33, TF30,

J85, and J57 engines. As SAC EM he was responsible for calculating

stockage objectives for spare engines and monitoring base supply

status over the year. He served on the Aerospace Engine Life

Committee/Engine Logistics Planning Board and participated in

the twice yearly formulation of actuarial factors. He joined

HQAFLC in July 1978 after retiring from the Air Force. He is

currently involved with AFLC's program on the enhancement of

the pipeline and actuarial sytems (CEMS Increment III).

(2) A typical SAC operating scenario is flying out on

an exercise and landing at an intermediate location for fuel

and returning to the home base. Under the peace-time operating

scenario, 1/3 of the engines are on alert, 1/3 are assigned

for training, and 1/3 are in maintenance. The SAC EM tracks

the location and operational status of all engines assigned

to his command.

(3) The issue of war surge analysis is of critical concern

to the MAJCOM EM. Under war conditions engine flying hours

increase by two to five times the peace-time rate. Hlow does
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this affect engine failures? Are current spares to installed

ratios adequate under this scenario (e.g., 18% J57, 12-14% for

TF39 and TF33)? Can the pipeline handle increasing failure

rates and decrease turnaround time on engines? fie used a Fleet

Management Information System (FMIS) that he developed at SAC

to monitor base/engine asset posture.

(4) He is familiar with the SAC engine condition monitoring

program from the management side. He thinks that the most success-

ful aspect of the program was that base personnel were tracking

engine performance while they were operating. A major problem

for SAC is to decide in what direction the condition monitoring

program should go now. He suggested that SAC might use the

data to carefully examine the impact of operating time on an

engine.

The user requirements at the lower level (base) will drive

the requirements for information at the higher levels (depot,

MAJCOM). A time slice report would be of real value to the

base level engine manager. The overall Air Force engine management

objective is to maintain a creditable readiness posture with

an ever tightening budget.

(6) Automated monitoring will not go on older engines.

It will fly on newer models particularly fighters. The most

important impact is that it will improve the manager's ability

to schedule workloads for maintenance and supply activities.

(7) Training and skill level problems may become implementa-

tion obstacles. Within SAC there is generally good job longevity

at the base level. Acceptance of the CRT display will take

some training. It will be necessary to have a central system

to share the overhead (e.g., cost, management) of automated

management system.

(8) He pointed out that OCM is not an entirely new concept.

Certain aspects of OCM have been practiced within the overhaul

process. The new approach is however more structured and requires

more information.
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(9) Important MAJCOM engine manager requirements at SAC

include:

(a) Calculating and comparing engine spares/installed
ratios on a yearly basis for various aircraft.

(b) Monitoring and adjusting spares/installed as required
to meet operational readiness criteria.

(c) Holding up engine assets.

(d) Supporting Logistics Planning Board Activities.

(e) Examining actuarial factor changes (twice yearly).

(f) Answering day-to-day questions.

(10) Questions typically asked at the SAC level are related

to longer term time related engine arnd aircraft management decisions.

For example, how many aircraft (engines) of a given type are

currently available (or being used for) military exercises?,

deployment?, and/or remote operations support?. Technical engine

related (OCM) problems have to be dealt with on both a supply

and cost basis as well as scheduling. For example, suppose

the TF30 outer combustor cases are consistently breaking. The

SAC responsibility falls in the areas of predicting the catch-

up time re~uired to find and retrofit all operational engines.

Also, procedures must be developed for maintaining tighter inven-

tory control on these "weak links" in order to keep the spares/

installed ratios reasonable.

(11) System Requirements -- The following TEMS "wish list"

was developed through these discussions:

(1) Engine status summaries at the base and depot level
should be displayed. Serial numbers and location
at the very least.

(2) Historic and current asset posture trending capability
vs. calendar years is a primary evaluation tool during
budget cuts.

(3) Number of engines required per flying hour is another
supply parameter.
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(4) Displaying number of spared or spares/installed ratio
at the module level in a "Pie Chart" format would
be extremely useful. This would show at a glance
what percent of dollars time, etc., were being expended

on fans, combustors, afterburners, etc.

(5) Removals/month is also a vital parameter on a per
base level.

(6) Throughput days at JEIM is also tracked by engine
type.

(7) The critical need for a comprehensive management system
is to achieve commonality in usage parameters (data),
codings, and communications between the base, the
depot and the MAJCOM. The depot and the supply personne
must use the same working data or the system will
not be effective.

(8) A critical requirement at the base level is to develop
a better parameter or technique for predicting required
engine maintenance and therefore maintenance workload.
Currently, time (flying hours) is used but is not
an accurate indicator. In general, 75-80% of current
engine removals are premature, that is, non-max time.

2.4.3 Personal Interview (ADC) Engine Manager

The ADC mission is continental defense under the Chief

of Staff of the Air Force. Base of operations is therefore

CONUS and alert detachments are deployed across the country.

ADC is actually a tenant on each base. Engine histories were

kept manually and data management was primarily via telephone

lines.

(1) Profile: He served at the depot as engine manager

for the TF33 and TF41 engines. His next assignment was at the

Air Defense Command in the Directorate of Maintenance as an

engine manager. He has experience there with the J75, J57,

and J3; engines. He joined AFLC in June 1978.

(2) The primary mission of ADC is CONUS defense. ADC

is a small command (6 bases, I training base). ADC is a tenant

on. all but two of its bases. There are 19 UE (Unit Equipment-

single engine aircraft) assigned to the operating bases and
24"at the training base.
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(3) ADC deploys alert detachments for cross-country missions.

An important responsibility of the engine manager is to assure

that his alert aircraft are supported. Because alert detachments

operated under a "no-maintenance concept" the rule of thumb

was to have one operationally ready engine available for each

aircraft on alert status.

(4) ADC base level maintenance used pilot squawks (e.g.,

stalls, vibration), SOAP, EPR, EGT, hot starts, and crew squawks

to identify and direct maintenance actions. Trim problems are

more critical on a single engine aircraft. A notebook containing

maintenance/performance history on each engine was kept in the

engine shop. Operating time was recorded on chalk boards also

located in the shop. Engines for installation were chosen commen-

surate with aircraft time. Engines (except for MOT) were NRTS

only after the evaluation of the maintenance technicians and

the approval of the command.

(5) As ADC Engine Manager, he tracked spares availability,

condition of engines in work and the number of ENORS (now ENMCS).

Component problems were cyclic in nature and required tracking

of critical parts. Because of the small size of ADC he maintained

daily contact with the bases via phone.

(6) He thinks that the primary impact of TEMS will be

the accuracy of documentation and the timeliness of information.

He thought there would be little resistance to CRT displays

at the base level. In ADC there is good job longevity for person-

nel at the base level.

(7) He was able to achieve a less than 20% NORS rate over

a two year period. ADC essentially tracked and managed engines

by reliability techniques. Every 3-4 weeks an engine status

would be prepared which included:

* Spares available

e Condition and status of engine in-work (base and depot)

* NORS rate

* Days remaining before NORS impact.
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(8) He described the major role of an automated monitoring

as keeping engine time in sync with aircraft time for single

engined aircraft. Critical maintenance and long lead time parts

such as A/B welds and manifold fixes, can be done opportunistically,

but were driven by parts supply, pipeline and work scheduling

criteria.

He felt that a remote CRT would have been "handy" for TCTO

work, etc., but that he could have done his job effectively

without it if given a few more telephone lines.

His opinion of the major impact of an automated TEMS would

be on:

(a) Documentation at the shop level (re: checklist)

(b) Maintenance history logs

(c) Summary MOT data for the shop chief

(d) Serialized control of parts.

In regard to (d), he said that he experienced a cyclic

occurrence of maintenance problems on particular engines. That

is, something you thought was changed would either not be modified

on a particular S/N engines or the fix would prove inadequate.

In general, he felt that the MMICS concept was viable and

would be accepted at the base level as preferable to manual

"paper shuffling", e.g., AFM66-1 forms.
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APPENDIX B

SURVEY DESIGN AND ANALYSIS

[. SURVEY DEVELOPMENT

The information system for automated engine monitoring will

have hierarchical design. Access to data is controlled by certain

key functions. SCI (Vt) developed the TEFDI survey around index,

profile, alarm, and forecasting functions.

There are three index functions, viz., finding, ranking, and

grouping. Finding refers to accessing engine files according to

a particular attribute (e.g., serial number, operational status,

location, operating hours above or below a specified limit, etc.).
Tinding displays list all engines possessing the user specified

attribute. Ranking refers to ordering engine files according to

numerical attribute (e.g. GPA rating, operating hours, LCF counts).

The ranking displays list the engines with the desired attribute

and in the order requested by the user. One objective of the

survey is tc determine which elements of the individual engine

file are neeaed to make the management decisions that require sorted

and ranked data. The grouping function refers to the tabulation

of engines possessing certain attributes (e.g., number of installed

Fl00's, number of engines awaiting maintenance). Examples of

grouped displays include summary of the operational status of all

engines at a particular base or the status of all bases within a

certain command.

Access of individual engine files by serial number is called

the profile function. The profile summary contains the engine's

vital statistics. .\dditional information is obtained by requesting

various subsystem functions (e.g., GPA trends, vibration history,

SOAP charts, engine build, etc.). The profile summary contains

the quantity of information normally needed to manage the engine.

Subsystem displays are accessed by the user on an exception basis.

B-I
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The survey scenarios were directed towards determining the

information to include in the profile summary and the types and

formats of information to offer in the subsystem displays.

Engine monitoring systems provide the capability for an

alarm function at the base level. The alarm is the identification

of a detected fault on a specific engine. The engine manager then

accesses the profile summary and relevant subsystem displays for

that engine.

A forecasting function has been identified as a possible re-

quirement for engine logistic support. A number of the survey

scenarios that relate to depot and MAJCOM level decisions contain

an element of forecasting. Survey questions were formulated to

identify specific requirements for the forecasting function in the

system specification.

The key functions that control data access are index, profile,

alarm, and forecasting. Table I cross-references each of the eleven

decision scenarios with the functional modes that were demonstrated

in the display systems. The three index functions are grouping,

ranking, and finding. The grouping function appears with five

scenarios (QA, QC, QE, QJ, QK), the ranked with two (QA, QI), and

the find with six (QA, QD, QE, QI, QJ, QK). The engine profile

appears with three scenarios (QB, QC, QG); several examples of

subsystem summary displays accompany two of the profiles (QB, QG).

The alarm function is illustrated with one scenario (QC). The fore-
cast function is demonstrated in three scenarios (QF, QH, QJ). The
utilization of this particular combination of data access functions

supports the hierarchical design of the required management infor-

mation system. Table I also identifies the relevant management

level to which each of the scenarios were directed. Six of the

scenarios concentrate on base level operations. Two focus on depot
specific procedures. Three scenarios address command level manage-

ment decisions. The concentration on base specific scenarios is

due to the fact the requirements of the base level users will drive

the system requirements for tuirb ine engine monitoring.
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Table 1
Scenario Summary Cross-Reference

1FUNCT16NAL NS IA PROUSSO3R
SCENARIO______ 'LEVEL__ ~ 40CE F ROMT EOUIRE14ENTS

[ A-8are Base Base index-Group; a- ra5 urOCSSSMr;

BPltBase Profile, -abular TEMS;
Souawk Su~bsystem Summwary Graoticai aase Proces~or;,

&Q4ICS interface

OC-;.Igine Base Index-GroUD; abular 7EMS;

Alarm Alarm; Base Processor;
Profile MqICS :nter~ace

D-i.CTC Base ~ noex- FIND Tabular TEMS;
Management Graonica 3;se Processor;

I 4MICS 'nterlace

IE-Souadron Base :ndex-FIND; 7abular 7MS;
GPA 3egracatlon I ndex-Group Graphical Base rocessor;

4MIZS interlace

SF-;ase Main - Use Forecast aoular; -.Ms;
Itenance :orecast Graphical 3ase :1-ocessor;

4MICS interface

QG-OCM Deoc Profile; 7iouiar,, Iasfer of :nq-.ne
7ea Susystem Sunwnary "r3,Ical I eo-~ "oCB;

:38 Access

QI-Maintenance )eoot Forecast ~ aoular I BAccess,
;orecas, mteractivye

41 -.'AU 1 0;e ^cmand Inaex- FIND aDUiar 28O Access,
Base )esovmint :naex-Rank MA COM P-ocessor;

:.1teraci:v yea)a

cinnc noex-FIND . ao'Bar; <Z :ess.

Asevw ndex-Grouo; lacwca 41A.CCzM Iocessor
Forecast

-Scare :offmana :ndes-;rcuc; ao'i- 28Z Aczt'l'
InieSat> ,aex- FIND A1j2CM '-Tessc~r
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The formats used to design the displays for the scenarios

are also specified in Table 1. Each scenario has at least one

tabular display system (AF personnel are most familiar with

tabular listing of data). Bargraphs and plotted or trended dara

are examples of graphical formats. In six of the display systems,

turvey participants evaluated graphical alternatives.

Processor requirements indicate the hardware and data flow

necessary to support the display systems for each scenario. A

basic assumption in the information system design is the existence

of a generic monitoring system. The base must also possess the

capability to reduce and process the TEMS data. Integration of the

performance/GPA information with additional usage factors (e.g.,

tine, cycles, SOAP, etc.) requires an interface with the MITCS

computer. Depot and command level engine maintenance management

require the automatic transfer of engine records from the base to

the central data bank (CDB). The MAJCOM's would acces:z portion-- ,f

thi s information for analysis via their own compaiter.

11. SURVEY DISTRIBUTION ANP PARTICIPANT SELECTIV)N

The survey was modular and composed of' elevci self-cUntirned

sections. Participants received a subset of the eleven secto:s.

The determination of each subset was based on the part cil~an:'5

knowledge and relevant operational experience in engine maintenanec '

logistic management.

The survey participants were selected via personal cont act

diuring on-site visits to .AALC, OCALC, AFLC, !IIPYAC, Langley .

and Myrtle Beach AFB. The individuals are a representative sznpie

of' base, depot, and command engine management. Tahle 2 contai:s

list of the Air Force participant experience and question ,tistri',i ,,

Relevant operational experience in engine maintenance/logistic-:

management (i.e. base, depot, command) is specified for each ;'.ii

vidrI . The entries in Table 2 indicate the subset of -cen;lrios thi
were sent each participant. The selection of the appropriate

scenarios was based on several underIving objectives and crit :ca

constraints.
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Survey Question Distribution by Participant Experience
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2.1 Consistency with Participant's Knowledge and fjperience

All participants were identified to have a working knowledge

of base level operations from either the view of maintenance manage-

ment or logistics support (e.g., supply, planning and scheduling, parts

tracking, MMICS). Participants with a more extensive background in the

in the logistical aspects of engine operations were given base level

scenarios in forecasting (QF), TCTO management (QD), and deployment

planning (QA). Individuals familiar with the higher level aspects

of maintenace management were given the sections that corresponded

closely to their specific experience (e.g. QA-Bare Base Deployment,

QE - Squadron Performance Degradation, QF - laintenance Forecast). All

Air Force participants received scenarios QB and/or QC because these

sections investigated the diagnostics/engine alarm capability and the

concept of performance trending via the gas path average.

In the course of the on-site interviews, several people recom-

mended inclusion of airmen level responses in the analysis. For this

reason, engine shop representatives at the ITFW and 354 TFW were sent

additional surveys for distribution to selected airmen in their pro-

pulsion branch. The special airmen surveys were limited to the base

level scenarios that were directly maintenance oriented (QB and QC).

Thirty-two of the survey participants (68%) were identified as

also having experience at the depot and/or command levels of engine
maintenance/logistics management. In addition to the base oriented

survey sections, they received selected scenarios from QG th--ough QK.

2.2 Concentration on Base 'ser Requirements

Because the operating base is the logical location to manage the

individual engines, its user requirements will drive the specification

of the system requirements for engine monitoring. The TEFDI survey,

therefore, was designed to focus on the critical issues of base level

engine management. Over half the scenarios specifically addressed

maintenance and logistics decisions that were relevant at the base

level. Selection of each participant's subset of question was weighted

heavily towards these scenarios (QA through QF).
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2.3 Coverage of Access Modes and Display Types

Ever)- effort was made in the selection of the scenarios to

insure that the survey population would be exposed to the range

of capabilities and potential options available via an integrated

engine monitoring/management system. Table 3 indicates the per-

centage of the survey population that evaluated some of the key

displays and access modes illustrated in the survey.

2.4 Participant Time Constraint

Because of the time and effort required to respond to the

questionaire, an attempt was made to limit each participant's

survey to four or five scenarios. This limit placed a constraint

on the response coverage, particularly at the command level. For

that reason, selected participants with experience at multiple user

levels recieved more than five sections.

2.5 [ngine/Airframe Manufacturer Participants

Five surveys were assembled for members of the engine and air-

frame manufacturing community. One was sent directly to McDonnell

Douglas. The other four were forwarded for distribution to repre-

sentatives of Pratt & Whitney, General Electric, and Detroit Diesel

Allison Companies.

III. SURVEY ANALYSIS

The following section contains an annoted copy of the survey

ith riwcussion of the development of each section.

5.1 Survey Introduction

The survey contains a short information section that includes

participant background, general instruction, a sample question, and

a glossary of terms used throughout the survey. The information
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Table 3
Survey Participation By Key Display Types

Participation Display Type Scenario

81% Base Status Summary QA, QC

100% Engine Profile QB, QC, QG

66% Alarm Capability QC

100% Diagnostic Message QB, QC, QG

79% GPA Snapshot and Trend QB, QG

40% Base Engine Removals QF

79% Forecast Capability QF, Qi, Qd

100% Base Index (Rank, Sort, QA, QD, QE
Group)

40% Command Index (Rank, QI, QJ, QK
Sort, Group)

26% Command Status QK
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Table 4
Glossary

GLOSSARY

ALARM Alarm is a report from the monitoring system that an
engine is performing outside the limits of normal
operation.

AUG Augmentor module.

AWM Awaiting maintenance.

CORE Core module.

CYCLES The number of major throttle transitions.

DELTA TIT (iTrT) The remaining temperature uptrim capability measured in
control adjustment ratchet clicks.

ECP Engineering Change Proposal.

EDS Engine Diagnostic System is an on-boarc aevice that
automatically monitors and selectively records engine
operating data for diagnostic purposes.

EEC Engine electronic control.

ENM3S Engine Not Mission Capable due to Suppiy.

EDT Engine Operat'no Time measured in hours.

Fully Mission -aoable.

GP4 Gas Path Average is a measure of an encine's performance
relative to a new unit.

H0T High Pressure Turtine module.

HS: Hot Section inspeczion refers to maintenance periodi-
cally performnec on the core module.

HS Hot Section Time at temDerature levels" anc 77 is
either measured in hours or as a t o, tota" engine
operatino time.

LOF Low Cycle Fatigue measurec in cycles.

_ : :- L'fe Limits are hour or zycle lim ts that requ're the
eolacemen* c- a comoonent.

-ontinued...
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Table 4 (continued)

MAINT In Maintenance.

NMCS, NMCM, "IMCB Not Mission Capable due to either Suoply, Maintenance,
or Both supply and maintenance.

PMS Partially Mission Capable.

SERV Serviceable engine.

SOAP Spectrometric Oil Analysis Program determines the
metallurgical composition of engine oil. Changes in
metal composition indicate engine wear.

SPARES RATE ' ratio of uninstalled to installed enaines.

SQUAWK Pilot-reported engine deficiency.

T0 Time Compliance Technical Order.

Type, Model, and Series.

-0- Total engine Operating ime measured in hours.
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section is shown in Table 4. Table S is an excerpt from the survey

instructions. It discusses the purpose of the survey and introduces

the concept of the automated management system (AMS). Participants

are asked to assume the existence of a video terminal that allows

them to access information from the AMS. The GPA (gas path average)

is defined and identified as the measure of engine or module per-

formance.

Table S
Survey Instructions

- INSTRUCTIONS -

This booklet contains a survey that will be used to help determine how
automated engine health monitoring can be used to increase the efficiency of
Air Force engine maintenance support. Answer the questions based upon your job

experience and feel free to comment in the spaces provided. We will use both
the question responses and the comments to assemble system requirements based

on your needs.

The survey is composed of a group of self-contained sectionis. Assume that

you have a video terminal at your work station that allows you to communicate
with a central computer which we have called the automated management system
(AMS). Each set of questions is based upon the information presented on the
video terminal during interaction with the AMS. We have reduced the size of

the video screen for the survey. Imagine a full size display when you are

considering your answers.

An important goal of the survey is to evaluate the possible impact of

engine performance monitoring on the support process. We have used a generic
derived Darameter, GPA (gas path average), to represent the output of an engine
performance monitoring system. Consider that GPA measures engine or module
performance relative to a new unit. Thus, GPA= 100% represents acceptance

performance and GPA= 0% represents the lowest performance experienced in any

engine.
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Each section includes the decision scenario and the ac-

companying display system(s). Each display system contains

one or more screens of information. A set of questions fol-
lows each display system. These questions are directed to-
wards the specific format and information content of the dis-

play screens. A final set of questions appears on the last
two pages of each subsection. Figure 1 and 2 are examples

of the question set. Survey particpants are required to rate

each system according to clarity, information content, and
effectiveness. Participant response was used to determine
overall attributes of the display system. In the clarity

category the particpant identifies the ability to recognize
and understand the data display. In the information content category
he ranks displays according to the amount of information required

tn make the management decision introduced in the scenario. In the
effectiveness category the participant is comparing the display

system presentation relative to current procedures for engine

operations and support. Participants are also given the oppor-

tunity to swap screens between display systems and to design

their own displays on a blank screen.

3.2 Analysis of Survey Displays and Questions

The following paragraphs analyze each of the eleven
question sections. Each scenario is presented and its ob-

jectivp discussed. The formulation of the data displays

summarizes the information density, display format, and any
special techniques demonstrated. The analysis concentrates

on the relationship between the display systems, the func-

tional modes demonstrated, and the questions asked. The

accompanying figures are from the survey.

B- 1
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- INSTRUCTIONS -

We are interested in determining some of the overall attributes of the
Display Systems you have just examined. Before you answer the questions below,
leaf through the pages of this section one more time to refresh your memory of
the scenario and each Display System.

We want you to rate the CLARITY, INFORMATION CONTENT and EFFECTIVENESS of
the system relative to the management objective posed in the scenario. The
ability to recognize and understand the data display visually, defines the
system's CLARITY. Tabular data too densely packed, poorly defined data plots
and ambiguous column headings would detract from the overall CLARITY of a
display. The amount of information or data used to perform the scenario man-
agement function is ranked by INFORMATION CONTENT. A display system can have
too many or too few categories of data to solve the posed problem. A Display
System's EFFECTIVENESS measures the ability to use the data as presented.
Rank the system relative to how the job is currently done. For example, if
you can solve the scenario problem more quickly, conveniently and with more
confidence than at present, you would rank the system more effective.

Check the categories that best represent your evaluation of each Display
System.

DISPLAY SYSTEM A 1 DISPLAY SYSTEM B

very very
CLARITY clear ..... :.:. obscure clear ___ _ obscure

INFORMATION too enough too too enough too
:CONTENT much : little much 1___ little

EFFECTIVE- more same less more same less

NESS jeffective _::_: effective effective_ : effective

Now that you have ranked each system separately, judge which Display Sys-
tem is best in each category.

SYSTEM A SYSTEM B

CLARITY

INFORMATION
CONTENT

EFFECTIVE-
NESS

Figure 1 Survey Instructions and Questions
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Would replacing a screen in Display System A with one from System B make
System A more effective?

no yes (Specify:

Would replacing a screen in Display System B with one from System A make
System B more effective?

_ no __ yes (Specify: )

- OPTIONAL -

Use the blank screen below to design a display to replace one or more screens
presented in the previous pages.

Replaces screen(s):

Comments:

Figure 2 Survey Questions Format
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3.3 QA-Bare Base Deployment

Scenario:

HQUSAF has given TAC a requirement of deployment to a

remote location. Mobility Planning has ordered Langley AFB

to deploy 10 serviceable FIS's and five spare Fl00's in 48

hours. This will be a bare base deployment with minimal

maintenance support (if an installed engine cannot be re-

paired at the flightline it will be removed and replaced with

a spare). Over the two-week deployment, aircraft are scheduled

to fly two sorties per day. Langley's Chief of Maintenance and

the Chief on the Propulsion Branch must recommend to TAC which

aircraft and spares to deploy. To make this recommendation

they need to know which of the fully mission capable aircraft

are equipped with the best engines. Any aircraft that is de-
ployed should have a balance of life (on all time/cycle limited

components) to support the sortie rate. The Chief of Propulsion

needs to know the status of his serviceable spares to determine

whether installed engines must be pulled to obtain the five Fl00's

necessary to deploy.

Scenario Objective:

This scenario is used to illustrate three index functions;

grouping, ranking and finding. The user is provided with a cur-

rent status of the base's engines and aircraft via a grouped dis-

play. Ranking aircraft according to the attribute of joint en-

gine performance provides a list of aircraft equiped with the

highest performing engines. Additional engine information (time,

cycles, trim adjustment, atc.) supplies the user with supporting

data for his recommendations. Requesting the AMS to sort the

base engine files, allows the user to identify the serviceable

spares available for deployment.
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DISPLAY SYSTEM A

YOL - iuest sour automatec management system (AMS) to provide an updated report on

.ancley's :atuS. The base status summarv (screen A-1l appears. it Snows the

status o aircraft and enenes assigned to your base.

AIRCRAFT areA uninst led
classified engines are
according BRSE STATUS MONITOR M" identified
to missionng tc
Caobility. L IGLEY AFB i,, i..,,AS repair

AIRCRAFT 72 FIS ENGINES 148 F1 e status.

FMC 60 INSTALLED 130

PMC 6

NNCS 3 UNINSTALLED 18
NMCM 2 SERY 3
NMCS 1 MAINT 6

AWM 3

Based on ENMCS 6 PARES RATE
latest is 1. ratic
lat1e ALARMS: NONE SPARES RATE 14%

oata, nc stalled to
enci nes a,' instal led

r engines.

You no% reauest the AMS to rank (in descending orae") your FIS's by

combined engine health (Joint GPA is an average of both engines'
health ratings). Screen A-i aooears. The next 10 ranked aircraft

can be displayed by a simple terminal input.

I~
SC REE N A

-
2

STATUS refers DASE STATUS MONITOR
t the ms- tion is given
b of the- LANGLEY AFP as left or

SyN LFE AT TT -,- right. Time,
aircraft. OINT LF "a= TTtrim status
A/C i19 has GPA A/C STATUS L R LIMIT L R T Rin
an avionics -T9_ ni r 11 .,., I I "1.. *1.3 clck ro
Droolem. but 97.8 156 FMC IM. *216 ' t 9 "2" 28. maning) and
its engines 96 .3 119 PMC-AVI " to ' i -n.3 'I' serial number
have hi h 94 .8 172 FMC ',,i imp i , , m,.: are given for
Der'ormance 93.5 141 FMC .90 am, a 11n., "..1 etch engine.
ratings. 92.4 162 FMC ,," ,10 0 , ,.1 ,,,

9 . 7 191 FMC ",, -. , Aa It 114. , o... Component
90.7 181 FMC 'U, 0641 g , .,i. a.. LIFE LIMITS
98.3 129 FMC 'M I'" I a .2.. . 9*00,.:.

88.7 137 FMC -4a pig, * m , 2, ;2L, Appear
only -f the)
wil l occur
within the
next lOC
ooeratln.
hours.

Figure 3 Survey Module QA PROCEED) TO NEXT DAGE#
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DIS.PLAY SYSTEM A (CONTINUED)

You reduest the AS to indicate the serviceable spare engines

currently At Langley AFS. Screen A-3 aooears.

CREEN A-7

P4SE STATUS MONITOR
.. , ,LANGLEY AFP ..... =

LIFE
S/H STATUS LOC CPA LIMIT &TIT T

P234 -. %- .a , -

P241 - ,,, ,.

The system
reouest is
repeated for
reference.

*m.mm I l"t, w?.mv

® PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING.

Screen A-1 is a base status summary. Its purpose is to provide you with

the information to maKe I Quick assessment of the base's status. Rate

the information content c' screen A-1.

too enough too

much : : ! little

. !s there any information you would eliminate from screen A-!? if so, mark
through it directly on the screen.

3. Is there any information that could have been added to increase the e fec-

tiveness and clarity of screen A*I? I so, write these additional items
on the screen.

& Screen A-2 ranks the aircraft on engine health. Rank the effect:iveness of

using GPA as a ranking factor for the deployment scenario?

very

valuable - worthless O -- unable to score

liKe -: -I _ dislike o' - unatle to score

:omoonent _:FE LIMITS on~l appee- i' they w'l
2  

oCcw' witnir the next 10S

:)etatln; hours. What do you prefe'1

The lO-hour cutter' used or streen A-2

Ancthe- hour :utc" (specify! --

-me component t CO C S 't -e I ,:s ea:'ess :" !"ecvc'et

E one, or :,Scla. tysten A

cQCEE TJ r.EV'T tAGEI

7rv V7

h~~ ~ ~ vir II
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DISPLAY SYSTEM~ B

You request your AMS to provide an up~ated report on Langley's stus. The base

status summarv (screen B-1) Aooers. It Shows current engine status and location.

ENG INSTALLED At-ARMS UNINSTgLLED RATE
~'C ~'C ERV MAINT AWM LNMCS

FMC PMC

F100 120 10 NONE 3 6 3 6 14%

Yow now request the AMS to rank your FTS's by the JOrKT GPA rating

(the average of the two engines' GPA ratings:). Screen B-2 aooears.
The next 10 ranked aircraft can be displayed by a Simple terminal
input.

1 SCREN B-2 ndividual
BASE STATUS MONITOR GPA rating,

reesA J LANGLEY PFB 1wWte .100. aigtm
the isson 80 NT HYT:(EOT), cy-

CaabbI ,I ty CF P 'AC STATUS S/N CPA COT LCF LTIT I / I COMMENTS cles (LCF),
-f theT air- -;; - rr,-T Y-Pu--l ... V~ and trim

Ph ?2 292 t s, status (by
'19isPM 963 lk Pis~l :1. "%.. 681i.1 792 12 s I9's 9g ClicKS re-

for an 1 6111 9".2 .12. 2 i SO ",113 sils maining) are
11.4 1"9 w6z 18*2

avi r1 S 99 .* P91 9.9 92 i 01slow" each engine.
ci.. ~ ~ ~ ~ Haaz . ei ~ ot Section

lo2se*) 9.2 N9o. 2*1 ii 342T 00Kolle! :2 13 -0sKtime s",7
li;I rli2 :*4.1 * 02. .9. 1 .81, oK6Is01

M5 06. a 2. 1 9 1. : .s giver
".3 9r to1 a0. 981.2 m8 I 96Il t(869o-90 in hours,

9!8 'm. :2211,11,2 00

lei le~f 194. 31 1 . 1'1 lowThe C0DMEN-
columni is

000' -used tc in.
di cate com-.
ponents
wit M ir 70C
overati 'ic
hours o' e
tImelcycle

Figure S Survey Module Q~lIf.
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II
DISPLAY SYSTEM B(CONTINUED)

You request the AMS to indicate the serviceable spare engines

currently at Langley AFS. Screen B-3 appears.

AS$E STATUS MNITOR

P141LANGLEY AFB 'Mm" 1..
MST

$/N STATUS LOC GPA EOT LCF LTIT I/If COMMENTS

c P22 i IEZW "r ,1. Its S,1C&•n , 0Jso

®PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING,
1. Screen B-1 is a base status summary. Its purpose is to provide you with

the information to make a quick assessment of the base's status. Rate
the information content of screen B-i.

too enough too
much _ _ _ ,. : _ : , little

2. Is there any information you would eliminate from screen B-l? If so, mark

through it directly on the screen.

3. Is there any information that could have been added to increase the effec-

tiveness and clarity of screen B-l? If so, write these additional items
on the screen.

4. Screen B-2 contains information on each engine's health rating (GPA),

operating time, cycle counts, trim adjustment, hot section time, and

time/cycle removals within the next 100 operating hours. Is there any

column that you could eliminate? If so, draw through that column.

5. Please comment on Display System B:

Figure 6 Survey Module QA
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Display Formulation:

The bare base deployment s:enario is accompanied by display

systems A and B (Figure 3, 4, 5, b). Each system contains three

screens of information. Tab'u t summarizes display density, for-

mat and special techniques.

Table 6

Module QA Display Formulation

SYSTEM A SYSTEM B

SCREEN 1 High Density; Tabular Low Density; Tabular

SCREEN 2 Medium Density; Tabular; High Density; Tabular
Inverse Video

SCREEN 3 Mcdium Density; Tabular High Density; Tabular

.Analysis:

The base status summary (Screen 1) is a key display. Its

purpose is to provide base level personnel with a quick assess-

merit of the base's status. The survey evaluates the content and

organization of the information necessary to make this assessment.

The 3urvey participant is required to rate the information content

and eliminate unnecessary data or add any items that would increase

display effectiveness and clarity.

Whenever a user sorts or ranks his engine files on an attri-

bute (e.g. serviceable status, Joint GPA) he obtains a fixed tet

of information for each engine. This would include the engine or

aircraft serial number, status, location, and summary information

such as GPA, operating time, cycles, etc. By evaluating the den

sities of data on the two display systems, the participant identi'ies

which items to include in the fixed index tisplay -c,. The pa Iti,

pant also indi,:-tes pireterenc'- for presenting HST and Lif 1lmits

in alternati"t, format:. ;PA was ted as the rankinL f;ctol !.I

deployment sccn ii- ,, Il, participant is asked to rank the ,

iveness of a,.7inc f;I" i ,ICu:t fv inc the a ir a ft i th t hC

forming enc irnc.-



3.4 QB-Pilot Squawk

Scenario:

In two recent sorties, the pilot squawked staggered throttles

and low performance for engine 119L (P106). After conferring with

the Chief of the Propulsion Branch, the engine was pulled and run

across the test stand. The test stand technician reports low speed,

high fuel consumption and high temperature. As Branch Chief, you

must use the automated engine management system to isolate the rea-

son for low performance to the module level and recommend disposi-

tion of the problem.

Scenario Objective:

This scenario is used to test the engine profile function

and subsystem displays to identify and isolate the cause for low

engine performance to the modular level. Displays are formulated

to identify the information (e.g., GPA rating, time, cycles, HST

(I/I), etc.) that will appear on the profile. Subsystem displays

address the health of the individual enginc modules.

Display Formulation:

The Pilot Squawk scenario is accompanied by two display

systems (Figure 7, 8, 9, 10). Each display system contains tvo

screens of data. Table - summarizes display density, format, and

special techniques.

Table 7
Module QB Display Formulation

SYSTEM A SYST!EM B

SCREEN 1 Low Density; Tabular; HIigh Den it v li ho I a-
Inverse Video Invere Video

SCREEN Low Density; Taiu ,i r' Di h Den sitv- i;ap, : icilI
Inverse Video Historical Trend

L ________



Analysis:

The engine profile contains summary statistics and diagnostic

information. The survey participant evaluates the content and

format of the items that should be included in this screen dis-

play. Questions specifically address the approach of displaying

certain engine information on exception only (i.e. when a particular

problem exists).

The subsystem displays present information on modular health.

The participant rates the effectiveness of graphical vs tabular in-

formation and the utility of trended GPA.

The participant evaluates the utilization of inverse video

to highlight messages on the display screen. He also can indicate

a preference for presenting HST in alternative formats.

B-22
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i
DISPLAY SYSTEM A

You request the AMS to provide the profile on P106. The enoine profile (scren

A*l aooears on the left half of your vioeo terminal. It contains summary sta-

tistics and diagnostic information.

P106's aircraft tail number Is indicated.

ENGINE PROFILE NET GPA is the overall health rating for the
LANGLEY AFB engine. It measures operating performance

relative to a new unit.

Hot section time (HST) is shown as a t of
total operating time.

N ITA TIT

Because of the DIAGNOSTIC message and the flaggea low NET GPA,

you r tuest additional summary information on P106's performance.

Screen A-2 aDDean. The module health ratino is current to the
last system update including the test stand results. Because

the CORE and HPT modules are crucial to total engine performance.

they dominate the NET GPA rating.

, ] SCREEN A-2

ENGINE PROFILE MODULE HEALTH RATING The Iow
_qH__LEY F health raz-

ings, on the

CCE ant HP-
indicate tha

t

FDT 98.1 •hey require
-FAN 9 .6 mai ntenance.

-UG 94 .0

enI -s? t t

Fi re 7 %i]rvev Module ()I

, PRO EZEES T NEXT AGE*
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®PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING.
1. The purpose of the engine profile (screen A-i) is to provide summary sta-

tistics and diagnostic information on the engine. Is there any other
summary information you would require? If so, write it on screen A-!.

2. Messages have been highlighted to attract your attention. Rate the effec-
tiveness of this technique.

very
effective ' _ ' ineffective

3. Would you prefer Hot Section Time displayed in operating hours or as per-
cent of EOT?

hours percent

4. Comment on Display System A:

Figure S Survv Module QB
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DISPLAY SYSTEM B

You~ request the A)'S to provide the pro'ile on P106. The enoine orofi le (screen

B-V apoears on the lef: malf c' vo.ur video terminal. It contains summary sta-

tistics and diagnostic information.

The OK status means that the engine diag'
nost'ics systemi (EDS, and on-board sensors
are operating normally and that the vitra-
tion and oil analysis reports are witnrin

L~r 11specified limits.

SCI7 irT 7
LIa:T Tete 798FRI9

SENSORS OK

5OIN OK

Because of the DIAGNOSTIC message and the flagged lowv NET GPA, you
request additional summoary information an P106's pe-formance.

S,,-een B-2 appears. The module health retina is current to the

last systeir update including the test stand results. Because the

CORE and NPT modules are crucial to total engine performance, they

cormn ate the NET GPA rating.

I SCREN B-

GPR SNAPSHOT GPA RN

LANGLEY PFversus tota,

operatinc

59.9 forthe
overa1 en-

gieanc -me
core mocule.

________W____ 7he graDP

B ~ P -2EN sROCEE t eX A



O PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING.

1. On screen B-1 OK status is listed for a number of categories (for example,
EDS and SENSORS). Should this information be displayed only when a prob-
lem exists?

- yes no

2. Rate the effectiveness of the bar graph used to show the module health
ratings in the GPA SNAPSHOT.

very
effective _ : : ,,__ ineffective

3. Rate the effectiveness of historical information provided by the GPA TREND.

very
helpful _ , , _ _ useless

I don't understand it

4. Comment on Display System B.

Figure 10 Survey Module QB

PROCEE: TO NEXT PAGE*
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3.5 QC-Engine Alarm

Scenario:

You are the Chief of the Propulsion Branch at Luke AFB.

Late yesterday, a member of the Aircraft Generation Squadron

reported an aircraft (A/C 129) with an off-idle stall. Because

the night shift was shorthanded, trouble-shooting was delayed.

Last night the automated management system (AMS) was updated with

flight acquired performance information from the engine diagnostic

system. As Propulsion Branch Chief, you will use the AMS to

identify the reason for the off-idle stall and direct the mainte-

nance activity (e.g. replace sensor, borescope compressor, pull

engine, etc.).

Scenario Objective:

The purpose of this scenario is to illustrate the alarm

function of the engine monitoring system. The faulted engine

is identified on a grouped display such as a base status listing.

The user then references a profile summary that supplies him

with relevant diagnostic data. The displays allow him to evaluate

candidate faults such as RCVV% off-schedule, actuator failure, or

TT25 sensor failure.

Display Formulation:

The engine alarm scenario has display system A and B

(Figures 11, 12, 13, 14). Each system contains two screens

of information. Table 8 summarizes display density, format,

and special techniques.

Table 8
Module QC Display Formulation

SYSTEM A SYSTEM B

SCREEN 1 High Density; Tabular; Low Dpnsity; T~bular;
Inverse Video Inverse Video

SCREEN 2 Low Density; Tabular; High Density; Tabular
Inverse Video Inverse Video

B-27
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Analysis:

The base status summary is a key display. Its purpose is

to provide base personnel with the information to make a quick

assessment of the base's status. Alarm information is provided

via inverse video. The survey evaluates the content and organ-
ization of the information necessary to make the status assess-

ment and identify the alarm. The participant in required to

rate the iiformation content and eliminate unnecessary data or

add any items that would increase the displays effectiveness

and clarity.

The engine profile contains summary statistics and diagnostic

information on the engine with the major alarm. The participant

evaluates the content and format of the items that should be in-

cluded in this screen display. He also rates the adequacy of
the diagnostic information relative to specifing maintenance on

the faulted engine. Questions are directed towards the utiliz-

tion of inverse video representations and the display of certain

information on an exception basis.

I B- 23



DISPLAY SYSTEM A

You request your automated Management system (AMS) to provide an updated report

on Luke's status. The bese status summary (screen A-1) appears. The purpose

of screen A-i is to indicate the status of the aircraft and engines assigned to

your base. Based on updated performance dau. the AMS reports an ALARM on P138.

AIRCRAFT UBni STATUS SUMMARY Uninstalled
are cles- engines art

according LUKE AFB L W9- W ! according
to mission AIRCRRFT 40 Fis ENGINES to repair
capabilityFMC 34 ISTLL 76status.

PMC 4

NMCS 1 UNINSTALLED 14
MMCM 1 SERV 3
NMCR 0 MRINT S

RWM 2
ENMCS 4

SPARES RATE
ALARMS: SPARES RATE 17%.  is Z of

uninstalled
to installed
engines.

You request the proflie of the engine with the major alarm
(P138). The enoine profile (screen A-Z) aooears on the left

half of your video terminal. It shows summary statistics and
diagnostic information.

V I CREEN 7-_7

P138's aircraft tall number is indicated.

ENGINE PROFILE NET GPA is the health rating for the entireENGINE PROFIenne.
Hot section time (HST) at temperature levels
I and 11 is given as a percentage of the
total operating time.

The engine's trim status (DELTA T:7) has 10
Nc? ge r,.z click positions remaining.
'ILTO TIT to CL3 DIAGNW0 ,C information indicates that the

NIT UPl*TC, PJUK" vrVV 0c hbo!g the trim band and is a prob-
abie cause of the off-iIle stall. The
DIAGNOSTiC message is based on the current
engine performance data.

Figure ii SQrvey Module QC PROCEED TO NEXT PAGE*
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S PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING,

1. Screen A-I is a base status summary. Its purpose is to provide you with
the information to make a quick assessment of the base's status. Rate the
information content of screen A-1.

too enough too
much , , little

2. Is there any information you would eliminate from A-l? If so, mark through
it directly on the screen.

3. Is there any information you would have added to increase the effectiveness
and clarity of screen A-l? If so, write these additional items on the
screen.

4. The ALARM and DIAGNOSTIC messages for engine P138 were highlighted to
attract your attention. How effective was this technique?

very
effective ' _ _ ineffective

5. The engine profile (screen A-2) provides summary statistics and diagnostic
information. Is there any additional information that could have been
added to the profile to increase its effectiveness? If so, write these
additional items on screen A-2.

6. Would you prefer Hot Section Time displayed in operating hours or as a
percentage of EOT?

_ hours __ percent

7. is the diagnostic information that is provided adeouate for making your
maintenance decision?

- yes no

8. Comment on Display System A:

Figure 12 Survey Module OC

PROCEED TO NEXT PAGE*
1
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DISPLAY SYSTE.M B

You request your AMS to provide an updated report on Luke's status. Screen B-i

appears. :t snows engine status ano location. Sased on updateo performance data,

the AMS reports an ALARM on P138.

S SCREEN 9-1

DR~~~BSE STATUS MONITOR R~lL ]

-err LUKE AF:B ----- .., .,,.

ENG INSTPLLED PLPRMS UNINSTALLED RATE
A/C A/C SERV MAINT AWM ENMCS
FMC PMC

F188 68 8 RM 3 5 2 4 17%

You request the profile of P138. The enoine orofile (screen B-2)

aooears on half of your video terminal. It contains summary

statistics and diagnostic information.

The OK status means that the engine diag-

ENGINE PROFILE nostTEc system and on-boarc sensors are

LUKE-PFB operating within tolerances and that the
vibration and oil analysis reports are
within specified limits.

Tair RIO.

.snall I , 'q The DIAGNCSTI. messaoe provides informatior
L Cr aimI
VCI., TI 1. on three Possible reasons 'or off-idle

ma,-T TRIP ,masS stal',. PCVV's below t r and is gqive. a
cgs CM the most orCoabie cause.SIPWSOR$ or

.irt LIRITS bOqCquCTW 1IRS)
I. Il' SCNOSI ICI? IIIW IINII

Los? 5'*. -

Figure 13 Survey Module QC
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(PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING,

1. Screen B-1 is a base status summary. Its purpose is to provide you with
the information to make a quick assessment of the base's status. Rate the
information content of screen B-1.

too enough too
much .... : - : - little

2. Is there any information you would eliminate from B-l? If so, mark through
it directly on the screen.

3. Is there any information you would have added to increase the effectiveness
and clarity of screen B-l? If so, write these additional items on the
screen.

4. On screen B-2 the OK status is listed for a number of categories (for
example, EDS and SENSORS). Should this information be displayed only when
a problem exists?

yes no

5. DELTA TIT is the enaine's trim status. It is measured in click positions
(control adjustment rachets) remaining. How essential is this information.

extremely
essential ' _ worthless

I don't know

6. Is the diagnostic information that is provided adequate for making your
maintenance decision?

exceptionally
complete _ ___deficient

7. Comment on Display System B:

Figure 14 Survey Module QC

PROCEED TO NEXT PAGEO
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3.6 D-TCTO Management

Scenario:

As Chief of Propulsion at Luke AFB, you have received

notification of TCTO 2J-F100-545 for modification of the engine

electronic control (EEC) to incorporate a modified speed trim

adjustment. You have been informed by supply that they have

received the seven modification kits that Luke AFB requested

three months ago after receiving the ECP. The TCTO applies

to engine serial numbers P108 through P120, and P124 through

P130. Which of these engines are assigned to Luke? What is

their status (i.e., tail number, serviceable spares, mainten-

ance shop, etc.)?

Scenario Objective:

Satisfying the requirements of time compliance technical

orders has been identified as a driver for a large portion of

the maintenance activity. The scenario illustrates the function

of sorting engine files on the serial number attribute. By re-

questing the AMS to sort the base engine files, the user can

access information (e.g. status, location, time, GPA, cycles,

etc.) on each of engines at Luke.

Display Formulation:

The TCTO management scenario is accompanied by display

systems A, B, and C, (Figure 15, 16, and 17). Each system

contains one screen of information. Table 9 summarizes display

density, format, and special techniques.

Table 9
Module QD Display Formulation

SYSTEM A SYSTEM B SYSTEM C

SCREEN I High Density; Medium Density; Low Density;
Tabular; Tabular/Graphical Tabular;
inverse Video Additional Sort

-4. Al



Analysis:

Whenever a user sorts his engine files on serial numbers he

obtains a fixed set of information for each engine assigned to

his base. This would include the engine serial number (i.e.

sorting attribute), status, location and summary information

such as GPA, operating time, cycles, etc.. By evaluating the

varying densities of data on the three display systems the part-

icipant identifies which items to include in the fixed index

display set. HST and Life Limited information can be represented

in alternative formats. Participants are requested to indicate

the preferable format.

Systems A and C are used to evaluate two techniques (inverse

video and an additional sort) that allow for a quick differentia-

tion between installed and uninstalled engines.

LI



DISPLAY SYSTEM A

You reouest the automated management system (AKS to indicate whict of the engines

are assigned to Luke AFB. Screen A-1 aoears on your videc terininal. The engines

are listed by serial numoer. Uninstalled engines are highlignted. Location, GPA,

operating cycle counts, ani trim status (aT!T in clicks remaining) are given for

eaco engine. Hot section time (MST) is given as a t of operating time.

,or BASE STATUS MONITOR N M COMENT
instal led column is
engines, LUKE AFB 01, ,.,,,TE, ,,., used to
STATUS ;s HST indicate
the air- SIN STATUS LOC GPA EOT LCF LTIT I/II COMMENTS components
craft's I"u n"e it" ".3: Ws.7 "so t2 2s%'.rl NWm within 100
Mission _______________ 9.6 U&. ~.. .2 97%1.5%, operating
capasil ity. P,13 rw. el 04.3 1.1 "1 e $ " NWa hours of
;o 9L.1__________ Et 6a.a 622 17,2 ow time/cycle
uninsta~lec 3. 32 ks 9 -. e~at3 limits.
engines,
t is tne lip, "K-tOHIC! 139 ?1.9 6%8.2 a" 7 is'~ 96~t ~L4

"eoalr ,3. 1 21 .1 Zt 0 t2 1,II rL -n W S

status.
The system
reou$es is
repeated
for

* ,cllsm, I.IEO. s1, -o.$'t. reference.

PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING,

Screen '-l contains information on each engine's current location, operat-
inc time, cycles, trim status, hot section time, and time/cycle removals
within the next 100 operating hours, Is there any coIlumn you could elimi-
nate? If so, draw through that column on the screen.

Would you Drefer hct section time (HST) displayed in hours or as a percent-
ace of EOT?

__ hours percent

Unnstzaed engines are highlighted on screen A-1 for the user's conven-
ience. Ho% effective is this technique?

very
E-e-'ctlve: i neffecti ve

:omenton sr,,ay System .n

Figure 15 Survey Module Q) : ' :E - NEXT AEI
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DISPLAY SYSTEM B

You request the AM.S to indicate which of the engines are assigned to Luke AFB.

Screen 6-1 aoears or' your video terminal. The engines are listed by serial

number. Status, location, GPA, trim adjustment, and operating time are given

for each engine. LIF- LMI7S within the next 100 operating hours are repre-

sentec on a bar graph.

Fl88 LIFE$/N STATUS LOC GPA LIMIT LTIT EOT

:%t3 "K $929I 86.3 8 d .19.

IPlr Cs-csle $ueo C,,2.I a | .Im '. 81.O 6 1
pt$ ,o *.2 22l1 z .3

The system
request is
repeated
for
reference.

PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING,

Screen B-i contains information on each engine's current location, health,
trirr status, operating time, and time/cycle removals within the next 100
operating hours. Is there any column you would eliminate? If so, draw
through that column on your screen.

3. Screen B-I uses a bar graph to display information on components that will
reach time/cycle limits within the next 100 operating hours. Rate tne
clarity of the bar araph representation of LIFE LIMITS.

very
clear , obscure

4. :orTnert on Display System B:

Figure 16 Survey Module QI

FROCEE: ",C NEXT ;AGEI
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DISPLAY SYSTEM C

You request the AM5 te indicate which of the engines are assigned to Luke AFB.

Screen C-I aooears on Your video terminal. Engines are listec by serial number

In installed and uninstailed categories. Status, Io~ition. EPA, trim aliusxent

and LIFE LIMITS within 100 operating hours are given for each engine.

SCREEN C-1

BASE STATUS MONITOR l~~l

,..:._ LUKE PqFB LR., , .

UNIHS~LLEDLIFE

S/N STPTUS LOC GPA LIMITS ATIT
pig I* 12I 9.3 -0 t. 9ItS it

P12 l os sw8 To. Pi. sCn ,'ON-6 3 "a

UN I S TALLED L IF 0:
S/N STATUS LOC GPA LIMITS %TIT

'109 MICS 90 41,1 -0 LIPIT$

1 a lo l.: G -2 ws 6 The syster

Pz. CS P . L .. request is
reoeatet
for
reference.

®PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING.
i. Screen C-1 contains information on each engine's current location. health.

trim status, and time!cycle removals within the next 100 operating hours.
Is there any column you would eliminate? I' So, draw through the column
on your screen.

2, Is tnere any additional engine information that you would reouire- If so.
write these items on screen C-1.

3. The AMS automatically sorts the installed and uni'stalled engines. HOw
beneficial 's this sorting process?

ettemely
beneficial -_ _ _ worthless

4 0tomoonent LIFr LIl
T 
S are disolayed on!> 4f thev occur within the next 10C

oerating hous. What ac yot p-efer

The 101,-hour -utc" used in C-i

Anctor hnu- cUjo'' ' 0sopeifv _

he zomoonen1 :loses, tc its ife Iirts 'eaarciess 01 tnh time

c.'ce 'emaanino

' 7o'e't o' ZIsza, vstnr

Fi gujre 17 -;iirve\ %odiie )D

,,CE1 N._ E Y



3.7 QE-Squadron GPA Degration

Scenario:

Squadron 119 at Luke AFB reports that its 18 FI5 aircraft
have experienced severe performance degradation in the last seven

weeks. This situation could potentially result in a greater-than-

average rate of engine removals. As maintenance officer, you sus-

pect the special combat mission that the squadron has been flying

since 19 April 1979 may have contributed to the degradation. 119

is the first squadron co fly this particular mission. As mainten-

ance officer, you would like to compare the current "health" of the

squadron's engines to their "health" when the mission began.

Scenario Objective:

This scenario illustrates sorting engine files on squadron.

Performance information via GPA is displayed for each engine and

selected modules. Various approaches to the presentation of derived

engine performance variables are addressed.

Display Formulation:

The squadron GPA degradation scenario is accompanied by

display system A and B, (Figure 18, 19, and 20). System A

contains two screens of information, while system B contains

one screen. Table 10 summarizes display density, format, and

special techniques.

Table 10
Module QE Display Formulation

SYSTEM A SYSTEM B
SCREEN 1 High Density; Tabular; Medium Density

Snapshot Graphical Trended

SCREEN High Density: Tabular:
Snapshot

V 3



Analysis:

The survey participant examines tabular and graphical

alternatives for displaying performance/health information

for the engines operated by Squadron 119. He evaluates his

ability to establish the trends in engine and modular health

from the tabular data. He rates the effectivenss of plotting

GPA bar graphs for the current date and 19 April 1979 on the

same graph. This technique allows the user to quickly esta-

blish the trend in engine and core health. The questions in-

troduce the concept of trending engine health and correlating

the trend to a specific engine operating mission.

B- 39



DISPLAY SYSTEM A

You request your automated management system (AMS) to provide a snapshot of

current GPA factors for Squadron 119. Screen A-I aooears on the left half of

your video terminal. NET GPA measures the performance of the overall engine.

It rates performance relative to a new unit.

I SCREE N  A- 1

The NET BASE STATUS MONITOR MMEAiM The CORE.
colu i-- HPT, and
lists the ,,__LUKE FB LOS' D -E ., FAh col-
number of ENGINE GPA SNAPSHOT uais list
encines in SQUADRON 119(F1) the number
each NET 79 JUN 06 of engines
GPA range with moo-
for all -CP FACTOR - ular GPA

engines in RANGE NET CORE HPT FAN factors
Squadron - - - -T in each
119. W-1 3 2 3 79 range.

9.- e9 4 2 S 10
70- 79 6 6 7 7
60- 69 9 9 8 4
5- 59 8 10 9 0
4e- 49 6 7 4 8

TOTAL 36

You now request the AMS to provide the GPA SNAPSHOT for
19 April 1979, so that you can compare it to the current

distribution. This information aooears on the rio: s'de of
your vioeo terminal (screen A-2).

- QP - STT CMTOR

.. ,,,LUKE PFB T. E' "Am".,..
ENGINE CPA SNAPSHOT ENG1NE CPA SNPHOT
SQUADRON 119(FIS) SQUADRON 119(F15)
79 JUN 06 79 APR 19

- CPA FACTOR-

RANGE NET CORE HPT FAN RANGE NET CORE HPT FAN

90-71-U 2 --T 0-100 16 17  3
8- 89 4 2 5 18 80- 89 16 17 17 6
70- 79 6 6 7 7 70- 79 2 3 2 0
60- 69 9 9 8 4 60- 69 8 0 0

5- 59 8 18 9 0 5- 59 0 0 0
4- 49 6 7 4 8 40- 49 8 8 8 8

TOTAL 36 TOTAL-6

Figure 18 Survey Module QE
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PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING,

I. What is the general trend in GPA (health rating) for Squadron 119 fronx,
19 April 1979- to 0F June 1979?

UP DOWN

NET Engine

CORE Module

HPT Module

FAN Module

2. Evaluate how you were able to establish the trend in engine and module
heal th.

very very
auickly , ,_, slowly

very with great
easily . ....___ _ _ _ : . difficulty

3. Comment on Display System A:

Figure 19 Survey Module QE
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DISPLAY SYSTEM B

You reQuest your AMS to provide a trend of engine health (GPA) for the curirent

date and 19 April 1979. You specify that you want the NET GPA trend and the

CORE GPA trend for Squadron 119. System B-i apoears on Your video termninal.

, I S CR EE N 
9-1 ) ,

r BASE STATUS MONITOR i

LUKE AFB PM? , rtaq= The bar graphs for
"NGINE PA TREND-Q) 119 CORE P TRENDSQD 1 eac? Cate appear

over eac other.
V""198 The trend is toward

lower ENGINE and
CORE GPA ratings at
the later ate indi-

111. •cating reduced
squadron capablity.

®PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING.
1. Rate the clarity of plotting the engine health (GPA) bar graphs for the

current date and 19 April 1979 on the same araph.

very
clear obscure

I don't understand it

2. Screen A-2 also includes the health information on the CORE modules in
Squadron 119. What other modules, if any, would you want displayed?

Other modules:

Is the CORE module health necessary? No Yes

3. Comment on Display System B:

Figure 20 Survey Module QE
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3.8 QF- Base Maintenance Forecast

Scenario:

As Chief of the Propulsion Branch at Myrtle Beach AFB,

you would like an indication of the engine removals expected

on a monthly basis. Performance and time data are collected

and monitored via the A-10 Turbine Engine Monitoring System

(TEMS). A trending algorithm is used to predict forced re-

movals (time/cycle limits) and removals for cause (failure).

You can access this information via displays on your automated

management system (AMS).

Scenario Objective:

This scenario introduces the concept of forecasting

engine removals based on operating hours and current engine

performance. The user is provided information for two cate-

gories; predicted removals driven by component time/cycle

limits and predicted failures.

Display Formulation:

The base maintenance forecast scenario has display systems

A and B, (Figure 21, 22, 23, and 24). Each system contains two

screens of data. Table 11 summarizes display density, format, and

special techniques.

Table Ii
Module QF Display Formulation

SYSTEM A SYSTEM B

SCREEN 1 High Density, Tabular High Density; Tabular

SCREEN 2 High Density; Tabular Med. Density; Graphical

I
43!



Analysis:

During the orientation visits, base maintenance personnel

indicated a need for a tool to help forecast engine removals

based on time/cycle limits and performance degradation. The

survey participant is required to evaluate the information

necessary to specify forced removals (e.g. estimated data,

engine, aircraft tail # location, component driving the re-

movals, and cycles or hours remaining). For the predicted

failures, the user is requested to help identify the proba-

bility or confidence interval he would require placed on the

forecast. The participant can also identify any additional

information he would need on the engines scheduled to fail.

"ivi



DISPLAY SYSTEM A

You request the automated management system (AMS) to provide a forecast of timei

cycle removals. Screen A-1 aooears on your video terminal. The forecast is

based on accumulated operating hours (as of 06 June 1979) and Myrtle beach AFB's

'lying profile. The forecast includes engine serial number, tail number location

(LOC), estimated removal date (ET). and the hours/cycles remaining on the com-

ponent forcing the engine removal.

BASE STATUS MONITOR MEN =

,MYRTLE BEACH AFB L.1'... Iamb_.
The remov- -TF34-
als are TIME/CYCLE REMOVALS

ordered in
time. A ENG LOC EST BALANCE COMPONENT
simple 2.. Am.I9 21.3- ItT M" T 3MK:

terminal M I. "** 7 s: ; .s1 w? W I 3.5

input to 3 l A2 U C 1 '1 r ssT W
I 1T 115C c I ffil IIU I

tne A lS C2*. Iszu IgmLi 79 C ST STC3. CO1CSSO C9 cS
c39 II" 7,.JI i1 s .15S
cl 131, 91J2 1 3 t? sac, J IN

you wi th t".. 162L n~srp*, an 7W Il
the next E333 Z321 7"Srcps 5j 7W SIn

group.

You request the AMS for forecast removals due to engine failure

or severe performance degradation. Screen A-2 aooears. The

forecast is based on the engine's current health (GPA) and the

rate at which the engine s health is deteriorating.

I SCREEN A-2_ I

BASE: STA:TUS MONIZTOR tifiICL; a

MYRTLE BEACH AFB .G. . ... GPA RATE

The emov- -TF34- is the

als are GPA PREDlICTED FAILURE DATE (PRO3>88%) tro inthe health
ordereO in factcr
ime.A MONTH ENG LOC GPA EOT GPA RATE over the

S i mole 3- Lft 0 Das* IX
terminai , , ...£ ... , ... 1 ,2 1 D CT emc 1 me
Iliout tt ED, , £3' ZO 7. U ~ I ~SL t

11:1. 1. 11. ft"T 0 O ope ra i n;
the 'S : 19 N 1. : 21. 1 ! 1 all

Drovides o : ;+ lIT &z.t MS., 2? o*r, So hOurS
You with 15 t; I 4 LW 0T

tne next 12 L151 l* *T.) 22.-3 II *1T 00 (tIt', '9 (21, ll)1 *S.3 029.3 lmt OV LW COT
"out.

Fi gure 21 Survey 'odile (j
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PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING,

1 Is there additional information you would require on tbe engines forecast
for time/cycle removals Cscreen A-i)? If so, write the items on the
screen.

2. Is an Bo probability of failure accurate enough for base planning pur-

poses?

yes no

3. Is there any additional information you would require on the engines pre-
dicted to fail? If so, write the items on the screen.

4. How important to base maintenance planning would a good monthly forecast
of engine removals be (both for failure and time/cycle limits):

critical -_ _ . useless <1
5. Conent on Display System A:

Figure 22 Survey Module QF

PROCEED TO NEXT PAGE*
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DISPLAY SYSTEM B

You reQuest the AMS to provide a forecast of time/cycle removals. Screen 5-1

appear-s on~ lour video terminal. The forecast is based or accumu lateo operating

hours (as of 06 June 1979) and Myrtle Beach AFB's flying profile.

SCREE B-1~c

BASE STATU MONIrTstRCLI e

MYRTL B ECH AF Z*~CB-ZB RtI

EN L STBAACE CPONENT

" Am " I4~ I9(W Wr 111.419"

sever peI rac Feraaton Sc2e .- aooars MCt snowsI
the IFwoe of enieInec ,-ot6P nev h nie

maudefores the next tre oneaths. vlsdet egn aiueo

th ubro engines in, eYRTL S-EPCH GP 'Mitrva The 14gne

are re-engi nes
diCted to rdwitt the
fail in m ENG LOC CPA lowest GPA

,AugUS-. CS0II A I O I 8#

en ie -t.c t1 ti 10 63 B

in Sao- 1715 "L .

enne s EM17 17:221 31 67

tftC~r. I :7 .3 27 1 9ft1 6.

Figure 23 Survey Module QF
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Q PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING.

Screen B-2 uses a bar graph to represent the number of engines in each GPA
terval. The engines with the lowest rating are more likely to fail and

are indicated by the different bar graphs. Rate the effectiveness of this
technique.

very
effective -_ _ _ ' ineffective

I don't understand it

2. Comment on Display System B:

FiRure 24 Survey Module QF
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3.9 QG-On-Condition Maintenance Team

Scenario:

The On-Condition Maintenance (OCM) Team at San Antonio-ALC

consists of the team chief, an engineer, a technician, and repre-

sentatives from scheduling, production, and quality control. It

is near the first of the month and SA-ALC has received an F100

engine (P106) from Luke AFB. Engine overtemp was the removal

reason cited by base maintenance personnel. In addition, Luke

flagged the engine for an abnormal SOAP report and high vibration

on the gear box. As an OCM team member, you can access certain

information on P106 via an automated management system (AMS)

Scenario:

The process of prescribing on-condition (or conditional)

maintenance requires information contained in the engine profile

and subsystem summaries. This scenario will be used to determine

which portions of the base engine record must be transferred to

the CDB when an engine/module is returned to the depot for repair.

Candidate items for incorporation in the display include removal

cause, diagnostic and performance information, balance of life on

time/cycle limited components, SOAP, vibration plots and mainte-

nance.

Display Formulation:

The OCM scenario is accompanied by display system A,

which contains five screens of data, (Figure 25, 26, 27, and 28).

Table 12 summarizes display density, format, and special tech-

niques.

B)



Table 12
Module QG Display Formulation

SYSTEM A

SCREEN I High Density;
Tabular;
Inverse Video

SCREEN 2 High Density;
Graphical;
Trended Data

SCREEN 3 High Density;
Graphical;
Trended Data

SCREEN 4 High Density;
Tabular/Graphical;
Trended Data

SCREEN 5 Medium Density;
Tabular

Analysis:

The engine profile provides summary statistics and diagnostic

information on the engine that has been transferred from Luke. High-

lighted messages direct the OCM team to request additional subsum-

mary displays. The participant identifies the set of statistics he

wants to appear on the profile and rates the effectiveness of the

inverse video representation.

Two graphical modes are used to display engine/module health.

The GPA snapshot provides a relative picture of current module

health. The participant evaluates the effectiveness of the bar

graph representation. Trended GPA history (for the overall engine

and core) is plotted against total engine operating time. The effect of

two hot section inspections on engine/core performance is illustrated.

This helps to correlate the effect of maintenance and performance. The

participant indicates the effectiveness of these displays.

SOAP and recent vibration history are alsc available to te

OCN team via display system A. The partcipant evaluates his re-

quirements fcr this information and indicates *he essentialness and

effectiveness of the graphical displays.



Engine/module maintenance history is available from a number

of sources (MMICS, AF forms 781E and 95). Screen A-4 presents an

additional alternative for providing historical information and

referencing it to engine operating and calendar time. The survey

participant evaluates the utility of this method for displaying

history.

The .IS provides a list of recommended opportunistic main-

tenance for time/cycle component replacements and TCTO's. The

participant evaluates this display option relative to the in-

formation currently available for specifying opportunistic main-

tenance.

B-SI



DISPLAY SYSTE, A

You -equest your automated management system (Apos) to provide the profile for
PI06. The enoine P,-oile (sc-eer .-V aooears on the left sioe of your video

terrina.. It shows summary statistics anc diagnostic information.

SSCREEN4 7-_7

NET GPA is the overall health rating for the engine.ENGINE PROFILE It measures operating performance relative to a new
TPHWSFEP FROM LUKE PFR unit.

Hot section time (HST) is snown as a t of total ooer-
ating time (TOT).

M- '. s6. The OK status indicates that the diagnostic system
pCi (DS-ano on-board sensors are operatinc normally.
/3 I a on

DC .
T

Q T11 0

T IM OT ,Iibration (VIB' message indicates the gearoox (G/B is
Cos o, above the TC limit. The SOAP message inoaicates an ab-

normal increase in nickel (NI) particles in tne oil
___ _ samp1 e.

DIAGNOSTIC message indicates an overtemo contition on
tne engine.

You lirst -eouest additional information on O106's oerforrmance.

Str-e A-2 aooea-s on the vice" teinnal. Eacn mocule in the
gas path has its OW health ra ting. Because CORE anc HP- moo-

ules are crucial to total enoine pe-formance, tnhy dominate the

NE- GOA rating. A low health ratinc 1 50V Inalcates a module
may reauire maintenance.

I SCREEN A-2-7

,I IPA SNAPSH SCSHO Shows
:NHGIE PROFILE i t.he cnviual mole

' FRo LWE B _______ _ _tine as of
*he last uoate.

ys: oa o;e a in

eect -7tw no:
vsetOr y-enyancn

It*, -- -"- - :o-e res'- ":'rot
me cor-be alove -he

L -- I ' e"ec" ... twe o!,

= OCE-S :7 -:'-S>- ,, i
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DISPLAY SYSTEM A (CONTINUED)

Bcause of the VIB and SOAP message you request recent vibration

mlties are automatically highlighted on your video screen.

ENGINE PROFILE VBAIN(esrdI
TRANSFER FROM LUK[ RF _VBATO masrdi

mils) is plotted over
__________________________ the last 42 operating

hours for the gearbox
1 ,i-' r ' ~ (G/8), the diffuser

_______________________ case CD/C), and the
~, ~ far case (F/C).

Ili The calculated rate of
Change in nickel (NI)
and iron (Fe) isi~ : plotted versus total

Soperating time.

To assist in your assessment of P106, you request some recent

maintenance history. Screen A-A aooears on your video terminal,
The HISTORY report lists the six most recent maintenance events.

By a simple terminal input you can display older history. Engine

ooeratina tine (EDT) is Plotted versus calendar months. The

horizontal lines represent the operating hour when a module must

be removed to replace a time/cycle limited component.

SCREEN A-

_________________________ IITR

ENGINE~ POI L _____________________ COT____________________

TRNF RFOMLK r PaIlTI.CK MNNS 0- o

LII? UII ?~IY CT (HRS)

I '. '.-.'~.The numbers above the
OEM_______________ maintenance action

reference entries in
~ j the HISTORY.

Com" -

Figure 26 Survey Module QO
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DISPLAY SYSTEM A (CONTINUED) 4

In order to specify opportunistic maintem"aCe. y'ou need to know
which comonents are approaching time/cycle limits and which
TCT-s are outstanding. Your APIS can provide a list of recam-
mended component replacements and suggested TCTO's. You reguet
this report and screen A-5 appears.

£NIrNE PROFILE MRIKTENQNCC AilS shams caoponnt I
TRANSFERL FROMLLCKECNT nae. serial numer

TIMECYCL REPRCEMNTS (SIA), and remaining
I TEM S.44 DAL life (BAL) in hours
P10-fli.Al urns414..1111 and Cycles.

01 M Wl Lrc-IT tg lef gig 1"I I lie

icings.. Vo IMa imiei 00111111

TCTO MAINTENANCE AMS lists the TCTO
K mTCTO DESCRIPTION number and a brief

1j.*lo9-n4 mgCUMMc M&MLn cairD 119911M DESCRIPTION.
?Jfim4E?- 180174" In PZU..UZZIMS wLVt

Figure 27 Survey Module QG

PROCEED TO NEXT PAGE*
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®PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING.
The purose of the engine profile screen A.1 is4 to provide siamsarv
information on the engine. IS there &ny Otner sufftry information yOu
would require? !f so. write it on Screen A.!

2. Messages on screen A-I hve Deen highlighted to attract your attention to
engine problems and diagnostic information. Rate the effectiveness of
this tecnnioue.

very
effective -ineffective

3. Raze the effectiveness of the bar graph used tc Show the module health
ratings in the GPA SNAPSHOT (screen A-2).

very
effective - . - - ineffective

4. Rate the effectiveness of the historical information provided by the GPA
TRENC (screen A-2).
very
helpful -_useless

I don't understand it

S. Rate tne benefits of displaying the recent vibration history for tne gear
box, tne diffuse- case, and the fan case.

very
helpful __:______:useless

1 don't understand it

6. Rate tne desirability cf including SOAP information on the OCM team.

very not
es sential _ required

The OIL ANALYS:S Dlot deoicts particulate rate of chanoe over engine oper-
stiric hour'. rathe- tiai, Tie D&t~ar &te 'v tultv'i.iSH.251e the effectiveness
of tihe OIL ANALYS!S graph (screen A-3) used to present the assay results.

very
effective - : . : - - ineffective

d don't understand it

. How effective is the maintenance HISTORY and engine operatinc time dis-
played on screen A.4?

very
effective _ : _ : . ineffective

I don't understand it

9. How would you prefer engine/mainterance history presenteM to the OC:

As in screen A-4

Screen A-' Plus forms 781E and 95

MM4ICS TRE

Other (specify_

10. On screen A-! the AMS displays the life linited components that It
ecommaenot '0r reolacement. would you prefer :his -ecoflmendation or a
T;T i'e' , .I; of com~onens witr cycle/hour balances (G337.3017 :

Recommended rerlacements as in screen A-

- 37.3017 listing

Ctne- 'Soec'y,_______________________

" oulc yo. :-e'e- the AM! tc ;-ovice the ent7-e 'is: a' Outstanding %^'s
01 tc c oso~a only those , s tne MS ecommencs "or com letior ourinq
:ns cur-ert reopir

s:c ustancing -:C s
__ ;eco'menoec ":C's only

Ert'rt 'It c' ':C s It' etoimenoec ones "19"ligflted.

Figure 28 Survey Module QG
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3.10 QH-Maintenance Forecast

Scenario:

You are the TF34 engine manager at San Antonio ALC.

Engine performance data are collected and monitored via the

A-10 Turbine Engine Monitoring System (TEMS). A trending

algorithm is used to predict the engines expected for re-

moval for depot level repair. You can access this infor-

mation to determine how many TF34 engines SA-ALC can expect

from Myrtle Beach AFB next month.

Scenario Objective:

This scenario introduces the concept of forecasting

monthly engine removals and expected depot returns via an

interactive routine. The engine manager supplies the base,

the month, and the engine type and AMS provides removal in-

formation.

Display Formulation:

The maintenance forecast scenario is accompanied by

one display system with two screens (Figure 29 and 30 ). The

first screen illustrates an interactive input menu; the second

screen provides the output. Table 13 summarizes display density,

format, and special techniques.

Table 13
Module QH Display Formulation

SYSTEM A

SCREEN I Low Density; Tabular
User Interactive

SCREEN 2 Low Density; Tabular

B- s (o
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Analysis:

The ability to improve forecasts of engine removals K
(based on engine performance/health data) has been ident-

ified as a candidate benefit from automated TEMS. The

survey evaluates the benefits of such a capability. The part-
icipant rates the management effectiveness of the display
system and specifies the required accuracy. He also in-

dicates any requirement for additional data on engines

predicted for removal.

B-57



DISPLAY SYSTEM A

YOU request the automated management system to Provide the SA-ALC FORECAST

Program. Screen A-1 aooea-s on your video terminal. Th~e forecast Program
is user- interactive. You must specify answers to the three questions that

the AMlS asks.

r SCREN A-

DEPOT STTSMOIO

You type in the request for the Prediction of TF34 engine
removals at Myrtle Beach AFB for July. Screen A-2 apoears.
It lists the nmer of EXPECTED REMOVAL. for failure (CAUSE)
and operating limits (TIME/CYCLE). Three of the engines art
likely to be returned to the depot. The engines are identified.

SA-AL FORCASTThe low GPA
rating in-MONTH*?dicates

ENG Isevere Per-

EXPECTED REMOVALS 9odgraation
FOR CAUSE C CL and a high

FOR TME/CYLE Sprobability
EXPECTED RETURNS TO DEPOT 3of engi ne

fa ilIure.
E1I1B.AS CPA RAO
E141 MYRTE W7T2 FAILURE
E20S MYRTLE 49.3 FAILURE
E124 MYRTLE 61.3 TIME-'CYCLE

Figure 29 Survey Module QH

PROCEED TO NEXT PAGEO
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PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING.

1. Rate the management effectiveness of a monthly forecast of expected engine
removals and depot returns based on engine performance and health.

extremely
valuable ' _ , . worthless

2. How much accuracy would you require of a forecast:

Correct more than 90% of the time

Correct more than 80% of the time

Correct more than 70% of the time

No opinion.

3. Screen A-2 provides serial number, health rating (GPA), and probable
removal cause with each engine forecasted for return to the depot. Is
there additional information you would like for the engines? If so,
write these items onto the screen.

4. Comment on Display System A:

Iii

Figure 30 Survey Module QH

PROCEED TO NEXT PAGE
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3.11 QI-Multiple Base Deployment

Scenario:

TAC has received orders from HQUSAF to deploy 10 F15's

and sufficient spare engines to a remote location for 14 days.

You may choose engines from two bases (Luke and Langley) to

support the deployment. Aircraft are scheduled to fly two

sorties per day. On-site maintenance will be limited. You

have one weeks lead time to plan for the deployment. Which

aircraft and which spare engine should you deploy?

Scenario Objective:

The concept of an interactive routine to help plan

command level deployments is addressed in the display

systems that accompany this scenario. The proposed TAC

deployment planner would question the user on various

details of the deployment (e.g. duration, sortie rate,

maintenance support, mission profile, etc.). Based on

his requirements the user would be provided with the

optimum combination of engines, aircraft and spares to

support the deployment.

Display Formulation:

The multiple base deployment is accompanied by dis-

play system A and B, (figure 31, 32, 33, 34, and 35). Screen

1 and 2 for both systems illustrate the interactive input menu.

System A has one output display and System B has two. Table

14 summarizes display density, format, and special techniques.

B-60
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Table 14
Module QI Display Formulation

SCREEN 1 Medium Density; Tabular Medium Density;
Menu Tabular; Menu

SCREEN 2 Medium Density; Tabular Medium Density;
User/Interactive Tabular; User/

Interactive

SCREEN 3 Medium Density; Tabular High Density;
Inverse Video Tabular; Inverse

Video

SCREEN 4 High Density; H
Tabular; Inverse
Video

Analysis:

The survey evaluates the TAC Deployment Planner as a

planning tool at the command level. The participant in-

dicates any requirement for additional information on re-

commended engines and aircraft. The option of using the

AMS to calculate spares requirements based on the deploy-

ment flying schedule and engine health is evaluated.
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DISPLAY SYSTEM A

You request the automated management system (AMS) to Provide the TACTICAL
DEPLOYMENT PLANNER. Screen A-1 appears on Your video terminal. The PLANNER is

user-interactive. You must specify information concerning the deployment.

TAC FLEET STATUS DAYS LEFT is lead

Pw DEPLOYMENT PLANNER BASE SUPPORT Is
0egree of on-site

DASLF maintenance. SORTIE
BASE SUPPORT RATES is the flying
SORTIE RATE(PER DAY) schedule. DURATION
DURATION (DAY) is the deployment
AIRCRAFT TYPE length. The PLANNER
NUMBER is programmed to
E:LIGBLE BASES calculate the numberELIGILE BSAES of spares requiredCALCUATE SARESto support the

deployment specified.

You input the information that you have been provided by HOUSAF

(screen A-2).

S SCREEN A-2

r ~~TAC FLEET STATUS ] ]l

., DEPLOYMENT PLA:NNER .,.,,,,
DA YS LEFT

BASE SUPPORT
SORTIE RATE(PER DAY)
DURATION (DRY)
AIRCRAFT TYPEI
NUMBER
ELIGIBLE BASES
CALCULATE SPARES

Figure 31 Survey Module QH

PROCEED TO NEXT PAGE*
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DISPLAY SYSTEM A (CONTINUED)

The AMS PLANNER recommends the best aircraft to support the

deployment (screen A-3). The engines instal1le in the aircraft

have nigh health ratings. The AMS PLANNER -ecommends four spare

engines anC ioentifies their location.

SSCREEN 6-3

TAC FLEET STATUS Ir)rB

igted DEPLOYMENT PLPNNER ..

engineserial /
nuers /C BE L /N R 4 ENGINES REQUIRED TO

(S/N) 12 = P2 SUPPORT DEPLOYMENT.
indicate 159 LUKE P146 P194

you must 172 LUKE P211 5f'fl $/N BASE LOC S T
install 201 LUKE P117 P133 FP1-86 OUKE fHOP _ _V
the spare. 192' LANG P142 P152 P19 LUKE 162R SERV

203 LANG P3Z2 P404 P244 LUKE SHOP SERV

211 LANG P411 P362 P272 LANG SHOP SERV

233 LANG P507 P333
251 LANG P172 P125
262 LANG - P179

PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING,

1. Screen A-3 shows only the tail numbers, serial" numbers, and locations of
the recommended enoines and aircraft. Is there additional information
you would require?

2. Rate the effectiveness of using an AMS interactive program to plan deploy-
ments.

very
valuable :: :__ worthless

strongly strongly
approve disapprove

3. Is there additional infornation that should be requested from the user on

screens A-i and A-2? If so, write these items on screen A-i.

4. omment on Display System A:

I .

Figure 32 Survey Module QI PROCEED TO NEXT PAGE*
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DISPLAY SYSTEM P

You request the -:waixc management System (AMS) to provide the TAC-ICAL
7-.MEKT PLANNER. Screen B-1 appears on your video terminal. The PLANNER

is user-interactive. You must specify information concerning the deployment.

SC B-

TA FET TAU



DISPLAY SYSTEM B (CONTINUED)

The AMS PLANNER recommends the best aircraft to Support the

deployment (screen B-3). JOINT GPA is the average of the indi-
vidual engine's health rating. Current trim adjustamnt (4TI'r
in clicks remaining) and engine operating time (EOT) are supplied

for each recommended engine.

Hign- 'i DEPLOYMENT PLPNNERI i ghted .l~~iLl1
engine $/N JO1NT ATIT EOTsera e A'C S L R CPA L R L , R

numbers f LUK T,". 1 I, ,- 1., 1.J
(S/N) 159 LUKE *'' 'S 96.4 * ii ,ij i.,
indicate 172 LUKE ,a" N 97.4 so ,, , .
you ust 201 LUKE "' "'" 95.3 - , ,-- -s.,
install 192 LANG 0542 0-2 97.2 -,. 3 ,
that 283 LANG -s -. 96.3 i, ,. -. 0 a,1.,

211 LANG "- a 98.1 i, ,.s i.,

233 LANG -, m 96.4 , , ,., 'as.
2;1 LANG '' s' 96.3 , 1. 1 ..
262 LANG - ,," 97.8 ,. ,. 45i., i.,

es.,.,

The AI4S PLANNER recommeends four spares. GPA is the measure of
engine's health and performance.

SiN ~ ~ ~ CRE B-4~ r*. ~ ~ {., DEPLOYMENT PLPNNER L.V E,,,...
4 REoUrRED TO SUPPORT ELYMENT

P159 LUKE 162R SERY 87.8 12 422.6
P244 LUKE SHOP SERV 99.1 1s 391.3
P272 LANG SHOP SERY 97.3 9 383.9

Figure 34 Survey Module QI

PROCEED TO NEXT PAGE
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®PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING,

1. Screens B-3 and B-4 provide additional information (engine health, trim
status, and engine operatingi time). Does this information affect the
effectiveness of the AMS Deployment Planner?
greatly greatly
increase _______ ______ ___ decrease

2. Evaluate the desirability of having the Deployment Planner calculate the
spare engine requirements.

very
valuable __________________________________worthless

strongly strongly
approve _________________ ________disapprove

3. Cotmment on Display System B:

Figure 35 Survey Module QI

PROCEED TO NEXT PAGE*



3.12 QJ-TCTO Assessment

Scenario:

As MAC engine manager, you have the responsibility for

determining the impact on support operations and readiness of a
proposed TCTO for the TF33P7 engine series. The TCTO would

require the placement of the third-stage disc at 6000 cycles.
The swapout procedure would be performed at the base unless

the engine is slated for depot repair at or near the 6000

cycle limit. How many engines currently at the depot are

eligible for modification? Based on MAC's programmed flying

hours, how many engines will reach the 6000 cycle limit over

the next six months (overall and by base)?

Scenario Objective:

This scenario requires the function of sorting all TF33P7

engines on location (depot) and cycle distribution. A forecasting

function would be used to predict the number of engines reaching

the 6000 limit in the six month planning horizon.

Display Formulation:

The TCTO assessment scenario is accompanied by display

system A and B, (Figure 36, 37, 38, and 39). Pisplay system A

contains two screens of information; system B contains 3. Table

15 summarizes display density, format and special techniques.

Table IS
Module QJ Display Formulation

SYSTEM A SYSTEM B

SCREEN 1 High Density; Tabular Low Density; Graphical

SCREEN 2 Meduim Density; Tabular Low Density; Graphical

SCREEN 3 Low Density; Graphical

~B-67
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Analysis:

The depot report on the TF33P7 provides the distribution
of engines by accumulated cycles. The participant compares
tabular and graphical displays and evaluates their effective-
ness. He also rates the criticality of providing additional
information concerning an engine's location in the repair process.
The participant identifies a requirement for additional in-
formation he would require before specifying which engines

at the depot qualify for disc swapout.

Based on programmed flying hours the user accesses a
forecast of the engines scheduled to reach the proposed

6000 cycle limit over the next months. The paticipant
evaluates the tabular and graphical options for displaying
this information command-wide and at the individual bases.

-6
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DISPLAY SYSTEM' A

YOUuust your Automated mnagment system (ANS) to provide cycle grouping of
11 TF33P7 engines at the depot. SCreen A-1 apoears on your video terminal. It

shws the nUer of engines in each cycle interval. A-1 also groups the numer
of engines in each category that are in transit to the depot (TRANSIT). awaiting

maintenance (AWM), in work (MAINT), or awaiting shipment to a base (SHIPPING).

49- 80 3 1 9 1 1
4600-6009 8 3 2 2 1
5000-6098 12 1 S S 1
6690-6900 13 2 6 4 1
OVER 6906 2 9 1 9 1

UscrpEThe syst
reau st is
repeeteo
for ref-

- erence.

You now reuest the ARS to forecast the number of 7T33P7 engines
that will rach 600 cycles oer the next six months. Scre

A-2 aomtrs.

BASE JULY AUG SEPT OCT NOV DEC

BOLLING 3 S S S
CHRLSTON 6 7 6 11 9 7
DOVER 7 1@ 9 12 12 9
VNhNUYS 3 4 6 4 A Tnesystem

TOTAL 20 3e 2S 39 35 31 Vruest

oa te

for -e4 -

t~t w~ll ,Heft 6 cycles over e et s.mnts

Figure 36 Survey (Module QJ
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S PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING-

1. Screen A-i shows cycles information for engines at the depot. Rate the
value of including the engines' location in the repair process (in Tran-
sit, AWM, etc.).
critical -. : - : - :useless

2. What further information would you require before determining which
engines at the depot would be candidates for the third-stage disc swapout?

3. Comment on Display System A:

Figure 37 Survey Module QJ

B--oPROCEED TO NEXT PAGE O
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DISPLAY SYSTEM B
You rouest your AMS to provide the cycle grouptng of all TF33P7 engines at the
depot. Screen B-1 &*pears on your video terminal. It shows the number of
engines in each cycle interval.

The system
reaguest 1

You now request teAMS to forecast the number of TF.Z3P7 engines
that are scheduled to reach 6000 cycles ove- the next six months.
The forecast for the ent're fleet oopears On the left Side of
the video terminal (screen 9-2).

Figure 38 Survey Module QJ

B-71 PROCEED TO NEXT PAGE*



DISPLAY SYSTEM B (CONTINUED)

uou now request te see the forecat for Dover 4;E. it aooea-
1or tRe t eoe rtent fuahrang ot c he vi eo eminaf screen -r hYOw may request the forecast for eacp Uase OMerAteie; Tr.-3P7

enenes.

SENGINE FLEET STATUS DOVER "F2 IBM

very

TF3e3 ENGINE ___iefetv

gor.reatlyl- rea

irnceas dces
1.RHow valuablecisvthesbar graph" eprse nt ation o the

of the den e r

efflectvinfe 
ie

getmlygral

3. HoRalubi the efecienssr graphiprngtcyline nfration usdtodrpa thebr

beneficial worthless
I don't understand it

-Comment on Display System 3:

Figure 39 Survey rodule QJ PROCEED TO NEXT AGE*
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3.13 QK-Spare Engine Status i

Scenario:

As SAC engine manager, it is your duty to monitor spare

engine status. You what to identify bases with:

* long queues of engines awaiting maintenance

* high rates of engines that are not mission capable
due to supply (ENMCS)

* engines assigned to maintenance for over 45 days

You can access an automated management system (AMS) to provide

you with this information. V

Scenario Objective:

This scenario illustrates grouping of uninstalled engine

by status, command wide. On a daily basis, the MAJCOM engine

manager is piimarilv interested in identifying only bases that

have attributes that exceed some established limit. The questions are

directed towards a procedure for establishing the limits. It is

also important to identify any requirement for tracking and trend-

ing the data historically.

Display Formualtion:

The spare engine status scenario is accompanied by display

system A and B, (Figure 40 and 41). Each display system contains

one screen of information. Table 16 sumrarizes display density,

format, and special techniques.
Table 16

MNodule QK Display Formulation

SYSTEM A SYSTEM B

SCREEN 1 High Density; Tabular Medium Density;
Inverse Video Tabular; Inverse

Video; Management
__ By Exception
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Analysis:

The spare engine status report is a MAJCOM level display.

Its purpose is to provide the MJCOM engine manager with a

snapshot of his command's repair and resupply status. He

would use this report to identify bases with spare engine

problems such as those discussed in the scenario. The survey

evaluates the factors the engine manager needs to monitor.

The survey paticipant rates the alternative for managing

the engine status on exception and discusses the formulation

of appropriate "flags". The participant indicates the value

of automatically trending certain of the factors (e.g. ENMCS)

for a user-specified base and engine TMS.

B-74
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DISPLAY SYSTEM A

You request your automated mnagenmnt system (AVS) to provide the SAC spare

engine report. Screen A-i Apoears. It lists SAC bases by engine type. mel,

and series (TMS). The RATE is the % ratio of uninstalled to installed engines.

The nwmer of serviceable engines are identified by position (1, 2. 3. or 4).

A-i displays the numer of engines in maintenance (KAINT), awaiting maintenance

(AWM). and not mission capable due to supply (EWCS). The OVER 45 category

identifies a "hangar Queen" in the shop for over 45 days. You can continue to

display groups of bases for other SAC engine TMS by a simple terminal input.

#r- ~SAC FLEET MONITOR H]]J "  ;

SPA RE E N G INE S T AT USLa, . ,... 19AW"

ENG; SERV OVeR

Highlighted areas flag I ASE TYPEr RATE 1234 VIAIHT AM EMC 45
spares problems. RT3WwYR TrT -13 T FM -- 1 T T --

CASTLE TF33-3 12%/  0111 2 2 a

[lsworth AFI has 10 E -LSW
;:- -- 7 - - -  

- nn S 7 1 " 2
engines door due to GRNkDFKS TF33-3 14% 1223 2 0 2 0
supply and 2 hangar IINOT Tf33-3 16% 2222 3 0 1 8
queens. TOTAL 789 13 9 17 2
OFFUIT has S engines KADENA TF33-5 11%,  1080 e e 1

down for supply. .FUT F3S 14 03
S;HEIYF TF33-S 14"/, 1819 8 8 8

TOTAL 4818 1 0 6 0

PLEASE ANSWER THESE QUESTIONS BEFORE PROCEEDING.

1. In screen A-i the bases with spare engine problems are highlighted. Rate
the effectiveness of this technique.

very
effective _ . ' . ineffective

2. Is there any additional information you would want displayed for those
engines classified as MAINT, AWM, or ENMCS?

3. Would you prefer a measure other than the ratio % of uninstalled to
installed engines (spares rate) used in screen A-I?

4. Comment on Display System A:

B-75 Figure 40 Survey Module QK PROCEED TO NET 4GE
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DISPLAY SYSTEM B

You request your AISS tc provide the SAC spare engine report. Screen B-1 aopears

It lists 2LI those bases with an engine spares problem. As of 06 June 1979,

four bases have been flagged f or engine management attention. The specific
problems are highlighted for each base.

RORINSPR ENGINE 1S-T119 4 3

® AS PLEA E ARTEE 12 UESINS BEFOR PRCEDIG

1. In Screen B-1 only the bases with spare engine problems are displayed.
Rate the effectiveness of this technique.

very
effective ____ _____ _____ ____ _____ineffective

2. Discuss how to develop the appropriate factors to use as flags in System B.

3. Suppose the AMS supplied System B as a daily report and System A as a
weekly report. Rate the effectiveness of that option.

very
effective _____ ____ ____ ____ ____ineffective

4. Rate the benefits of the capability to automatically trend over time the
numbers of engines that are ENMCS for a particular base and engine TMS.
very
valuable _____ ____ _____ _____worthless

Commnent on Display System B:

Figure 41 Survey Module QK POEI ONX AE
PRCE-TONET6AE
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APPENDIX C

ENGINE MAINTENANCE SUPPORT SYSTEM SURVEY RESPONSES

I. INTRODUCTION

This section accumulates the results of the support

system survey. In Section II , responses for each main-

tenance scenario question as presented. Analysis of the

numerical significance of the returns is provided. In

addition to the response tallies, comments provided by

respondents to each question are summarized. In Section

ill, tallies of cumulative issues and functional capa-

bility evaluations across survey scenarios are provided.

Additional analysis describes the significance of the results.

Each response item is tabulated with the response

frequency in each category plotted in bargraph form. Sta-

tistics of the response distribution are calculated and

may provide some insight into the interpretation of the

response significance. The factors calculated are defined

be Iow.

Define: N = number of survey responses

x = value of classification (e.F., 1,,3,4, or 5)

Std. Deviation: s =~- (x-M) 2

11

90% Confidence: L9g= ±t

80% Confidence: L90= ±t. 9 0,N-iS

where t is the Student's t distribution value with power

C-1



and n degrees of freedom. The significance of the con-

fidence interval is that the probability of the normal

population mean lying within the confidence band around

the sample mean is the power of the test, or

Pr(m-L < _ < m+L)

Caution should be used in evaluating classified sta-

tistical hypothesis test results. Statistical measures

do provide useful quantifi-ation of an otherwise qualitative

process.

II. SURVEY RESULTS ACCUMULATED BY SCENARIO

The following section presents freqeuncy tabulations

of survey responses by question. Survey questions and ob-

jectives are presented in other sections of the report.

2.1 Question A - Bare Base Deployment

The scenario address base fleet readiness assessment

for deployment to an unsupported location. System A contains

less dense information using more graphical display options.

Figure 1 shows the system ratings. System A is rated

more clear than System B. Both systems are perceived to

have sufficient content and no conclusion can be reached con-

cerning their effectiveness compared to existing methods.

Figure 2 presents the results to miscellaneous questions.

A wide spread in GPA ranking confidence is indicative of

uncertainty concerning either its meaning or effectiveness.

Both status summaries were perceived to have sufficient

data for quick assessment of base readiness.

C-2
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QA CLARITY-OVERALL (DA)
6.4 -NO.0F RETURNS= 12.

MEAN RESPONSE- 2.33

STD.DEVIATION- 1.1
90 PCT CONFID-+/- 2.0
80 PCT CONFID=+/- 1.4
1.. Very Clear
S. 5. - Obscure

QA CLITYOVERALL (DB) NO.OF RETURNS= 13.
MEAN RESPONSE- 3.08
STD.DEVIATION= 1.1
90 PCT CONFID=+/- 1.8
80 PCT CONFIDe+/- 1.3

- Very Clear
5. - Obscure

QA CONTENT OVERALL (DA)

CONTNT VERLL DB) NUMB OF RESPONSES= 13.

MEAN RESPONSE= 3.33
_ _ STD.DEVIATION= 1.1

90 PCT CONFIDe+/- 2.0
80 PCT CONFID=+/- 1.4
1.- Too Much
3. Enough

2 5. - Too Little

QA.CONTENT OVERALL I NUMB OF RESPONSES- 13.
"'| MEAN RESPONSE= 3.38

STD.DEVI- TION .9;,eo 90 PCT CONFID=+/- 1.7

I80 PCT CONFID-+/- 1.2
1. - Too Much
3. - nough
5. - Too L ttle

QA EFFECT. OVERALL (DA)

S C O LNUMB OF RESPONSES= 12.

________ MEAN RESPONSE- 3.00

STD.DEVIRTION- 1.4
___ __90 PCT CONFIDe+/- 2.4

80 PCT CONFIDe+/- 1.8
1. re EffectiveI ~3, -Sm

5. S.-ess Effective
GA EFFECT. OVERALL (B)

MEAN RESPONSE- 3.00
.. - - STD.DEVIATION= 1 .2

z,., 90 PCT CONFID-+/- 2.2
So PCT CONFID=+/- 1.6

,,. 1. - ore Effective

5. - L:e Effective

Figure I Display System Rating Response

C



GA -GPA RANKING
-°"N NUMB OF RESPONSES= 13.

MEAN RESPONSE- 3.38
*.STD.DEVIATION= 1.8
.90 PCT CONFID+/- 3.3

80 PCT CONFID=+/- 2.4
1n. Very Valuable
S. -Worthless

6. Unable to Score

QA INFO CONTENT (DA)
00 NO.OF RETURNS= 13.

MEAN RESPONSE- 3.31
STD.DEVIATIONz .99
90 PCT CONFID- /- 1.8
80 PCT CONFID=+/- 1.3
I - Too much
J.- Enough

5. Too Little

*A IFO CONTENT (DB)
MEAN RESPONSE= 3.38

STD.DEVIATION= .84
'g90 PCT CONFID-+/- 1.5

80 PCT CONFID=+/- 1.1
S.- 1. - Too Much

3.- Enough
_ _._ _S - Too Little

Figure 2 Response to Miscellaneous Questions
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Figure 3 presents system preference responses. System

A was marginally preferred over System B with a large percent

without preference.

Table 1 tabulates comments. System A status summary is

preferred with the high density ranking displays. Spares rate

rate was mentioned as a candidate for elimination. Task

force results reinforced both comments.

2.2 Question B - Pilot Squawk

This scenario poses a diagnostic/troubleshooting re-

quirement on an uninstalled engine. System A uses tabular

data formats while System B employs graphics. Engine profile

A has low density summary items. Trending capability is pro-

vided by System B alone.

Both systems (Figure 4) were rated clear. System A

was judged as being deficient in content and there was not a

consensus concerning its effectiveness against existing

methods. The addition of trending capability (System B)

increased the content rating and it significantly improved

the perception of effectiveness of function. This conclusion

is reinforced in the system preferences (Figure 5) which shows that

the addition of trending is perceived to be valuable. The

responses to miscellaneous questions (Figure 0) corroborate

the value of the CPA as understood and used against the

scenario requirements.

Other question responses and a large number of comments

(Table 2) indicated that the bargraph representation was con-

fusing and personnel preferred to use tabular data. The use

of video highlights was endorsed. These results were reflected

in task force commentary.

C- 5



R CLRRZTY PREFERENCE
NUMB OF RESPONSES- 13.
MEAN RESPONSE- 1.62
STD.DEVIATION- .74
90 PCT CONFIDm+/- 1.3
80 PCT CONFIDa'+/- .96

CONTENT PREFERENCE
NUMBD OF RESPONSES= 13.
MEAN RESPONSE- 1.62

1 STD.DEVIATION= .74
90 PCT CONFID-'- 1.3
80 PCT CONFID=+/- .96

OR EFFECT. PREFERENCE OF RESPONSE= 13."i [~~~NUMOF RSONE= 3

se,.... [MEAN RESPONSE= 1.62
STD.DEVIRTION= .74
90 PCT CONFID-.'- 1.3
80 PCT CONFID=+/- .96

3. N Preference

Figure 3 Display Svstem Preferences
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Table 1

Bare Base Deployment - Survey Comments

COMMENT FREQUENCY

9 ENGINES ARE ONLY A SMALL PART OF 1
DEPLOYMENT DECISION - EVALUATE ENGINES
ONLY IN AIRCRAFT QUALIFIED TO DEPLOY

* PAST PERFORMANCE VERY USEFUL IN 1

DEPLOYMENT DECISIONS

* ELIMINATE SPARES RATE ON BASE SUMMARY 4

* SHOW % COMPLETE FOR MAINT, AWM, ENMCS 1
CATEGORIES

e ADD MORE PIPELINE SEGMENTS TO SUMMARY 1

* DISPLAY AIRCRAFT HOLES I

* EXCEPTION REPORTING EXTREMELY IMPORTANT 1

# DISPLAY SCHEDULED MAINTENANCE AS A I
STATUS MESSAGE

* MAKE COLUMN CATEGORIES APPLY TO ALL 1
TYPES ENGINES (TF34 DOESN'T COUNT
CLICKS)

* LIFE LIMITS IN ENGINE OPERATING TIME I

REMAINING

e SHOW FTIT - LAST TRIM VS PRESENT 1

@ HST MUST RELATE TO CURRENT HPT 1

@ SHOW SOAP TREND I

* A-SUMMARY WITH B-2/B-3 4

@ B-SUMMARY with A-2/A-3 1

C-7



qpCLRRITY-OVER-LL (DA)
.. NO.OF RETURNS=  20.

MEAN RESPONSE= 1.70
STD.DEVIATIONs .78
90 PCT CONFID-+/- 1.4
00 PCT CONID12 -  1.0

- .. 1. - Very Clear
bs- bcure

4B CLAkITY-OVERALL (DB) RETURNS- 21.

MEAN RESPONSE= 1.90
. STD.DEVIRTION= .97

. -- 90 PCT COHFID+/- 1.7
. . 89 PCT CONFIDn+/- 1.3

. . . .. I. very Clearm s. -Obscure

Q , CONTENT-OVERALL (DA). ... .. ... .. .....NOOF RETURNS =  21.

MEAN RESPONSE- 3.57
.- ,__ - - - STD.DEVIATION= .99* U 90 PCT CONFID-.'-- 1.6

, .90 PCT CONFID-+/- 1.2
1. Too "nuh
3. - n (n(qh

_ _ _5.- Too tittle

USB (OHIF'N -OVYRL&B
Go .. ..... ...N ...V . NO.OF RETURNS - 2 0.

MEAN RESPONSE- 2.00
STD.DEVIATIOH- .93
90 PCT COHFID-+/- 1.7
80 PCT COHFID=+/- 1.2
I. To Much

3 Enouqh
0. 5. -Too [it tt

RB EFFECT .-OVERALL (DA)
NO.OF RETURNS= 21.

,__MEAN RESPONSE- 2.48

... ..... STDDEVIP:TIOH- 1.2

90 PCT CONFID-+/- 2.2

80 PCT CONFID-+/- 1.6

. ... .. I - More [ffective

s Fffertive

_ -NO.OF_ RLTURNSe 29.
MEAN RESPONSE- 2.85

90PTc~I-/ 1.6
90 PCT CONF1Din,/- 1.2

I Mre Eftertive

Figure 4 Display System Rating Response
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OQ CLARITY PREFERENCE

hEAN RESPONSE- 1.43
STD.DEVIRTION= .49

-o____ 90 PCT COHFID-+- .09.LU LIL 8 PCT CONFID=+/- .64
1. -System A

• . 2. -Syte n1
• 3. -No Preferrenco

OB CONTENr PREFERENCE
S---............ ... fO.OF RETURNS= 21.

MERN RESPONSE- 1.81
STD.DEVIATION= .39
90 PCT CONFID-+/- .71

-- 88 PCT COHFID=+/- .SI
- 1. - System A

2. - System B
1. - No Preferrence

12B EFFECT. PREFERENCE
NO.OF RETURNS = 21.

1- - -... - --...... ... . MERN RESPONSE= 1.90
STD.DEVIATION= .S3
90 PCT CONFID=-+- .95

-33...... 980 PCT CONFID=+/- .69
20. 1 . - Sys tem A

'e" 1 _.2. -System B

No Preferrence

Figure 5 Display System Preferences
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QD CA DRGRPN O.OF RETURNS- 20.
MEAN RESPONSE- 1.90
STD.DEVIATION= 1.2
90 PCT COHFID-+/- 2.1
80 PCT CONFID-+/- 1.5
i Very Effective
S. - Illeff~tive

OB IPA TRE.. N HO.OF RETURNS= 20.

Cs. - -_ ________________._

;N . .. . ... ...... 90 PICT CONFID= /- 2.7

. 80 PCT CONFID-+/- 2.e
1. very Helpful
S. -useless

Unable to Score

QB INVERSE VIDEO EFFECT.' ' HUP1 OF RESPONSES- 21.

"" -MEAN RESPONSE- 1.43

STD.DEVIRTION .79
90 PCT CONFID-+/- 1.4
80 PCT CONFID=+/- 1.0
1. More Effective3. Sam*
5~ . -Less Effective

BH UNIS PRERNC96.4 - NUMB or RESPONSES= 20.

MEAN RESPONSE- 1.65
**" STD.DEVIATION .91

*,,._ 90 PCT CONFID-+/- 1.6
80 PCT CONFID-+/- 1.2

- 1. - System A2. -System8
3. - No Preference

Figure 6 Response to Miscellaneous Questions
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Tahle 2

QB Pilot Squawk Survey Comments

COMMENT FREQUENCY

9 FLAGGING SYSTEM IS EXCELLENT 2

# WOULD LIKE HARD LIMIT THRESHOLD FOR GPA I

s USE TABULAR GPA SNAPSHOT WITH GPA TREND 4
(ELIMINATE BAR-GRAPH)

s WHAT IS AN ACCEPTABLE TREND? I

• TREND SHOULD HELP WITH LOCAL FORECAST OF 2
REMOVALS

s I LIKE TREND INFORMATION ON GPA

s WHAT WERE ENGINE CONDITIONS AT TIME OF
REPORTED DISCREPANCY? (NI, N2, ETC.)

* WHAT IS THE RATE OF HOT SECTION ACCRUAL? i

a ONLY ONE TREND PER GRAPH 1

s THIS INFORMATION SHOULD ALSO BE MADE
AVAILABLE TO AGS PEOPLE

s WHAT MAINTENANCE ACTION IS REQUIRED TO
GET ENGINE BACK TO 100% GPA

e GRAPHS MAY CONFUSE PERSONNEL AT WORKING
LEVELS

s DISPLAYS MUST BE KEPT CURRENT TO BE OF
ANY USE

s LAST BORESCOPE STATUS? 1

s USE B-PROFILE WITH TABULAR GPA SNAPSHOT 4

e USE A-PROFILE WITH GPA TREND 2

C - I I
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2.3 Question C Engine Alarm
I.

The scenario illustrates troubleshooting diagnostic

procedures for an off idle stall. Management by exception,

alarms, indexing and data access are illustrated. System A

contains a low density tabular format. System B contains

full summary data items on profile.

Figure 7 presents the system rating responses which

were not significantly different for both systems. The re-

spondants indicated the information was clear and approximately

enough was provided. There was a range of opinions concerning

the effectiveness, which provides no conclusions in this regard.

Figure 8 shows that the denser profile display (B) was sig-

nificantly favored with regard to trend effectiveness. This

is underscored by the large number of comments (Table 3)

suggesting interchanging Base Summary Status products.

Miscellaneous question responses are shown in Figure 9.

2.4 Question D - TCTO Management

This scenario addresses TCTO Management at the base

level. System A contains high density tabular formats and

system B uses lower density, graphical output. System C

uses low density, tabular output only.

Figure 10 shows the display ratings. System C is judged

clear in interpretation. All systems contain enough infor-

mation. Systems A and C are rated effective in addressing

the scenario information requirements.

Figure 11 presents the re-ults to miscellaneous questions.

Inverse video highlightinij was deemed an effective forriat. I r -

graphs are marginally clear. Life limit horizon preference

is 100 hours which is consistent with tas k force comment>.

SORTINg; capability for this scenario is e\-remvIv hencii' ii

in addressiniz the scenario requirements.
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G; ,CLARITY-OVERALL (DA)~NO.07 RETURNS. 18.

MEAN RESPONSE- 2.80
___.__ STD.DEVIATION- 1.1

90 PCT CONFID-+/- 2.0
80 PCT CONFID-'/- 1.4
1. - Very Clear
5. - Obscure

PY-OV LL NO.O RETURNS= 18.
MEAN RESPONSE- 2.28
STD.DEVIATION= .99
98 PCT COHFID-+/- 1.8
80 PCT CONFID=+/- 1.3
1. - very Clear
S. - Obscure

CONTENT-OVERALL (DA) NO.OF RETURNS= 18.

MEAN RESPONSE s 3.28
'.. STD.DEVIRTIONs .87

90 PCT CONFID-+/- 1.6
e, PCT CONFID=+/- 1.1

1. - Too Much
3. Enough
5. Too LittleQC 7ONTENT OYERALL (DB)

00.4-NO.OF RETURNS. 17.
MEAN RESPONSE- 2.76

,e., STD.DEVIATION= .55
90 PCT CONFID-+/- .98
8 PCT COHFID=+/- .71

3. Enouoh
S Too Little

qpEFFECT. OVERALL (DA) NO.OF RETURNS= 19.

MEAN RESPONSE= 2.68
STD.DEVIRTION= 1.1
90 PCT CONFID-+/- 1.9

____.,_80 PCT CON ID + / - 1.4

1 - More Effective

3. - Same
S. - Less Effective

N".OF RETURNS= 18.
MEAN RESPONSE- 2.44
STD.DEVIATIONi 1.3
90 PCT CONFID-+/- 2.3
80 PCT CONFID..'- 1.6

•~ Mo. re Eff ctfve
3 - Same
5. Less Effective

Figure 7 Display System Rating Response
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QC CLARITY PREFERENCE
NO.OF RETURNS= 20.
MEAN RESPONSE- 1.75
STD.DEVIRTION= .70
90 PCT CONFID-+/- 1.3
80 PCT CONFID=+/- .91

1. - Very Clear
0.1 3. - Obscure

OC CONTENT PREFERENCE
e. HO.OF RETURNS= 20.

MEAN RESPONSE- 2.85
STD.DEVIATION= .S9

,. 90 PCT CONFID-+/- 1.1
80 PCT CONFID=+/- .77

a. 1 . Too Much
2. - Enough
3. - Too Little

A E~ECT.PREFRRED NO.OF RETURNS= 21.
_ _ _ _ MEAN RESPONSE- 2.05

STD.DEVIATION= .66
90 PCT CONFID=+/- 1.2
80 PCT CONFID=+/- .86
1. - ore Effective

3. Same
• U 5. - Less Effective

Figure 8 Display System Preferences
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Table 3

QC Engine Alarm - Survey Comments

COMMENT FREQUENCY

* NEED MORE DIAGNOSTIC INFORMATION 4
PROFILE

9 SINGLE POINT DIAGNOSTICS ARE ONLY 1
MARGINALLY ADEQUATE - NEED TO ACCESS
TRENDS

* WHAT ARE POSSIBLE CAUSES OF ALARM
BESIDES RCVV (WHAT ARE THEIR
PROBABILITIES?)

9 INCLUDE BORESCOPE RESULTS ON PROFILE 1

e SHOW NEXT MAINTENANCE ACTION ON 2
PROFILE - DISPLAY LAST ACTION AS WELL

e HST MUST RELATE TO CURRENT HPT 1

@ ALWAYS SHOW WHETHER SENSORS ARE 1
OPERATING

a REMOVE SPARES RATE 4

* SHOW % COMPLETE FOR MAINT, ENMCS, 1
AWM CATEGORIES

s PROVIDE A BASE SUMMARY WITH B PROFILE 6

, , ('C- II



,C INFO CONTENT (DA)

... MERH RESPONSE- 2.95
STD.DEVInTION= .60
98 PCT CONFID- /- 1.1

-. 0 PCT CONFID= /- .79
lo - 4,0 "ch

7* . .. .. . . Enought

_____________I on________ __ i t ttIe

QC INFO CONTENT M_)- NO.OF RETURNS= 18.
E.F.C.N. RESNSE= 317

STD.DEVIRTION= .76
-_ _ 90 PCT CONFID- /- 1.4

-. 80 PCT CONFID=+/- .99
2. STo Much

. - Enotgh
r _Ton Little

QC EFFECTIVENESS (DR) NO.OF RETURNS 1
UI.O.OF RETURNS 28.
MEAN RESPONSE- 1.53
STD.DEVIATION= .68
98 PCT CONFID"+/- 1.2
88 PCT CONFID=+/- .88
1. -more Effective

2. - Same
ei3. -Less Effective

G~ C ECINVES VIDE

""A NO.OF RETURNS= 16.
MEAN RESPONSE- 2.13

464STD .DEVIAT IONm: .86

98 PCT CONFID+/- 1.
80 PCT CONFID-+/- 1.1

-More Effectlve
3. Same

"4 U1 -4 5 Less Effective

QHST UNITS PREFERENCE

C . .. . . . ... .RE NO.OF RETURNS= 20.

MEAN~ RESPONSE- 3.05

STD.DEVIATION- .74
98 PCT COlFID-+/- 1.3
88 PCT CONFID= /- .96

ii 6 I'.,6 o s~

Fiur Repos to MiPcelneo Qesin

CP 16 - e

OC INVERSE VIDEO
,o, . .... . .. . . . NO..F RETURNS-- 20.

. STD.DEVII TION- .97
,• . . . .. .... 90 PCT CONFID- /". 1.7
. 80 PCT CONFID- /- 1 .3

.. . C T ~EKP M A RG IN P R EF . N , F R T R S 0
MEAHN RESPONSE- 3.05

.. .. . . STD.DEVII TION- 1 .9
i _. 9e PCT COHFID-+/- 3.4

80 PCT CONFID-+/- 2.S
I - ,ttmqely F %ent'Al

5 .Wor thlps
El - 6 t-le~h to '11or$

Figure 9 Response to Miscellaneous Questions
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Q p CLARITY-OVERALL (DR)
( NO.OF RETURNS= 10.

MEAN RESPONSE- 2.66
________________STD.DEVIATION= 1.4

Vas, 98 PCT CONFID-+/- 2.4
80 PCT CONFID=+/- 1.8
1. - Very Clear

_ _ _ _ _ _ _ _ _ . - Obscure

J3 L R Y- V R L B) NO.OF RETURNS= 10.

MEAN RESPONSE- 2.88
_ _ _ STD.DEVIATION= 1.2

98 PCT CONFID-+/- 2.1
88 PCT CONFIDela- 1.5

__________________ -Very Clear -
5. -Obscure

OD CLARITY-OVERALL (DC) J.f
'C NO.OF RETURNS= 10.

MEAN RESPONSE- 2.18
- STD.DEVIATION= 1.2

90 PCT CONFID-+/- 2.2j0 PCT CONFID-/- 1.6
1. Very Clear

.4 ,5. -Obscure

QD CONTENT-OVERALL (DR)
NO.OF RETURNS- 18.
MEAN RESPONSE- 3.18
STD.DEVIATION= .83
90 PCT CONFIDU+/- 1.5
80 PCT CONFIDe /- 1.1
1. Too Much
3. Enough
5. - Too Littleqj3 CONTENT-OVERALL (D) NO.OF RETURNS- 18.

MEAN RESPONSE- 3.18
STD.DEVIATION= .83

___90 PCT CONFID=+/- 1.5
:'I i80 PCT CONFIDe+/- 1.1

1.- Too Much
3.- Enough
5. Too Little

Figure 10 Display System Rating Response
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GS, CONTENT-OVERALL (DC). -N OF RETURNS= 10.

MEAN RESPONSEw 3.00
STD.DEVIATION= .89

e4. go 9PCT CONFID = + /- 1.6

.88 PCT CONFIDw+/- 1.2

,. Too Much
3. enough
5. - TOO Little

OD EFFECTIVENESS (DA)
_________________NO.OF 

RETURNS-x t6.

MEAN RESPONSEw 2.20
STD.DEVIATION= .87
90 PCT CONFIDO

+ /- 1.6
80 PCT CONFIDO-'- 11-asI.ii7 I .. ore Effect~ve
3. Same
S. Less Effective

Go.N S DB) NO.OF RETURNS
=  10.

MEAN RESPONSE= 2.98
STD.DEVIATION, .94

4-. 
o90 PCT CONF

I '+/- 1.7
So PCT CON F ID' + /- 1.2

i7. - . -More Effectve

S. oSme
,- es s Effective

QD EFFECTIVENESS (DC)
,,., NO.OF RETURN

S O to.

MEAN RESPONSE: 2.30
. STD.DEVIATION 1.1

90 PCT CONFID4/- 2.8
8o PCT CONFID+/- 1.4~~ eq . - Mre Eff~ tie

3. -Same

e.3' S. - ess Effective

Figure 10 Display System Rat in,

Response (C nt inued)

C - S



QD TCTO MANAGEMENT (DR
st NO.OF RETURNS= 11.

... ... E N RESPONSE- 1. 45
STD.DEVIPTION= .66

.. 90 PCT CONFID=+/- 1.2
80 PCT CONFID= /- .85
I Very Effectivp HIGHLIGIITS
5, Ineffective

QD TCTO MANAGEMENT (DB)
NO.OF RETURINS= 10.
MEAN RESPONSE= 3.00

STI3.DEVIATION= 1.2

90 PCT CONFID=+/- 1.2
80 PCT CONFID=+/- 1.3"mi1. -Very Clear BAr{GRAPH

*: IOI "IP 4 "u0 Ib~r

QD LIFE LIMIT UNITS" . . .NO-OF RETURNS= iI.
... MEAN RESPONSE= 2.00

STD.DEVIATION= 1.26

.0,., 90 PCT CONFID=+/- 2.2
Z80 PCT CONFID=+/- 1.6

1.2 1 100 ltuu ,,bs

F gp .s 3t M e llonel us t o Liitio
'4 No Co 1it

Q,.AUTO SORT PREFERENCE O.FRTNSI

IMEAN RESPONSE- 1.73
; *.JL- STI).DEVIATI ON= .866

80 PCT CONFID= /- 1.1i
2

1. E tremely beneficial
• J 5 W rthl ess

Figure lIt Response to Miscellaneous Questions
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Table 4 lists the survey comments. Bargraph interpretation

appears to be troublesome. The use of generic column headings

was notably favored.

Figure 12 shows the preferences. Systems A and C are

nearly equal in user preference.

2.5 Squadron GPA Degradation

This scenario addresses the utilization of performance

analysis to evaluate multiple installed engines. The display

systems illustrate the GROUP capability with system A showing

tabular format and System B utilizing graphical capabilities.

Figure 13 presents system ratings. System A is rated

clear with sufficient information and more effective than

current procedures. System B is rated unclear. There is no

significant conclusion as to its effectiveness. These results

are reaffirmed in the system preferences (Figure 14) where

System A is overwhelmingly chosen.

Figure 1S presents the results of miscellaneous questions.

Over 70% of the responses evaluated the squadron trends

correctly. There was a significant spread in rating the

graphical format of display B indicating a general uncer-

tainty about it utility. The results of questions concerning

System B should be discounted because of the lack of clarity

in format. The ease and speed of usage of the GROUP function

were rated in the maximal range indicating the utility of

this function in addressing the scenario. Comments are listed

in Table S.

2.6 Question F - Base Maintenance Forecast

The scenario addresses base level forecasting of engine

removals for usage and performance. Tabular usage removal

C-21)



Table 4

QD -TCTO Management -User Comments

COMMENT FREQUENCY

* LIFE LIMIT BAR GRAPH CONFUSING 4

* USE GENERIC INFORMATION CATEGORIES 3

* WHEN MUST TCTO BE ACCOMPLISHED? 1

* WANT LIFE LIMITS IN ENGINE OPERATING 2

TIME REMAINING

C -2 1
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QDCL.ARITY PREFERENCE N.FRTRS 8

MEAN RESPONSE- 2.10
STD.DEVIATION= .94
90 PCT CONFID-+/- 1.7

• _80 PCT CONFID=+/- 1.2

QD CONTENT PREFERENCE
NO.OF RETURNS= 10.
MEAN RESPONSE= 2.10
STD.DEVIATION= .94190 PCT CONFID-+/- 1.7

__ _80 PCT CONFID=+/- 1.2

PREFERENCE NO.OF RETURNS= le.

MEAN RESPONSE- 2.10

90 PCT CONFID=+/- 1.7

* ___._ 80 PCT CONFID=+/- 1.2

i Syste

Systei C

Fioirv 12 Display, System Preference



qFCLARITY OVERALL (DA) N.FRTRS 7

MEAN RESPONSE- 1.94
STD.DEVIATION= .87
90 PCT CONFID-"/- 1.6

__________.80 PCT CONFID:..'- 1.1
1. - Very Clear

5. - Obscure

".a-NO.OF RETURNS- 17.
MEAN RESPONSE- 3.24

_4___ STD.DEVIRTION- 1.2
90 PCT CONFID-+/- 2.2
SO PCT CONFID.4,- 1.6

qj: CONTENT OVERALL (DA)
NO.OF RETURNS- 16.

" ___________ MEAN RESPONSE- 2.94
STD.DEVIATION= .90

-________90 PICT CONFID-+'- 1.6
80 Pc~r CONFID=+/- 1.2

1 -Too Much

00To Little
UCNENT OVERALL (D NiO.OF RETURNS- 16.

MEAN RESPONSE- 3.25
STD.DEVIRTION= .97

________90 PCT CONFID-+/- 1.7

80 PICT CONFID=+/- 1.3-Iu-up 1. - Too Much
3. Enough

EFFECTIVENESS (DA) N.FRTRS 6

60.411 --- _MEAN RESPONSE- 2.31
STD.DEVIRTIOtl= 1.2

40.0 90 PCT CONFID-.'- 2.1
80 PCT CONFID-+/- 1.6!I~ uu More Effective,

0.4 5. Lems Effective

-NO.OF RETURNS- 16.
MEAN RESPONSE- 3.19

-- STD.DEVIATION= 1.3
~1* ~ __90 PCT CONFID-+/- 2.3

80 PCT CONFID:.,- 1.7
- -- - 1. -More Effective

3.- Same
a. 5 - Less Effectfve

Figure 13 Display System Rating Response
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QE EFFECT.-PREFERENCEso--NO.OF RETURNS= 17.
Go._ MEAN RESPONSE- 1.53

STD.DEVIATION= .78
t. 90 PCT CONFID-+/- 1.4:t,., 80 PCT CONFID=+/- 1.e

QE CLARITY PREFERENCE
NO.OF RETURNS= 17.
M1EAN RESPONSE- 1.18

too STD.DEVIATION= .51
90 PCT CONFID-+/- .92

gf. 80 PCT CONFID=+/- .67

QO CONTENT PREFERENCE
NO.OF RETURNS= 17.

,,._ _ MEAN RESPONSE- 1.29
STD.DEVIATION= .57
90 PCT CONFID-+/- 1.0

___,__-.--_ _ S PCT CONFID=+ - .74

I yst# 6
lz. Nc Preference

Fi.ure 4 isp I V Prefrencos
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QL. TREN4DING QUESTION (DA 1• ..... .. ..... .. . HO OF RET URNS = 16.

,,., -- I:EAH RESPONSEm 1 .25
STD DEV1AT ION= .43
90 PCT CONF'IDw+/- .78
80 PCT CONFID.'- .56

i ,I - Lurl L

'E GRAPHICAL CLARITY (DB
NO.OF RETURNS= 17.
MEAN RESPONSE= 3.53) STD.DEVIATIOH4= 1.8
90 PCT CONFID-+/- 3.2
80 PCT CONFID=+/- 2.3

I. I
b_ llldbIt ~r

QE MODULE DISPLAY
HO.OF RETURtiS= 18.
MEAN RESPONSE- 3.11
STD.DEVIIITION= 1.7U 90 PCT CONFID-+/- 3.1

.G..80 PCT CONFID= /- 2.2
• N. Adal t lu.- 1 M-1 .,All 14.du I,%$

Q E O R E H E I L T H 4 A, kequ i-j .::o.L MEAN RESPONSE- 1.4?
, Q. C...RE. '-ELO .OF RETURNS= I?.

STD.DEVIOTION= .as
90 PCT COIFID=+/- 1.580 PCT CONFID=+'- 1.1

QE USAGE SPEED

MEAN RESPOIISE= 1 .7S
~STD. DEV IAI ON= .90

,_ _90 PCT CONFIF D,,+/- I .6
t, BO1 PCT CONFID-- 1.2.

I V , 
V  i)u!r k 1 ,

OE U~nCE nSE

MEAN RESPONISE- 1.82
dSTD.DEVIRT ION2 I .@
i 90 PCT CONFID-1/- I.9

80 PCT CONFID-+- 1.3
I VprV [Acll W t ,l t ll#~ ~ l

Figure IS Response to Miscellaneous Questions
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Table S

QE Squadron GPA Pegredation - Survey Comments

COMMENT FREQUENCY

9 TABULAR DISPLAY CONFUSING - TOOK TOO I

LONG TO ANALYZE

s DON'T UNDERSTAND BAR GRAPH 2

o PREFER HAVING THE NUMBERS LIKE ON I
TABULAR DISPLAY

* THERE MAY BE FACTORS OTHER THAN THE 1
MISSION CAUSING DEGRADATION

o WHAT ARE THE MODULE OPERATING HOURS
(CAN I MAKE ADDITIONAL QUERIES?)

s IS GPA THE BEST INDEX OF FIO0 HEALTH?

C 2I



forecasts are provided by both systems. System B uses

graphics to depict performance associated forecasted re-

movals.

Figure !6 shows the system ratings. System A is rated

as clear with enough information and more effective than

current procedures. A larger uncertainty was expressed

in System B resulting from the graphical presentation.

Figure 17 shows that this uncertainty is manifested by a

significant preference for System A. Comments listed in

Table 6 reinforce confusion concerning the bargraph format.

The miscellaneous question responses validate the

spread in perception of the bargraph effectiveness. This

response can be explained by emphasizing the wide disparity

in survey participant experience and exposure to graphical

evaluation products of this type. It was overwhelmingly

asserted that this functional capability is important to

base level management.

2.7 Question G - OCM Team

The secenario explores information requirements for OCM

depot evaluation of required maintenance procedures. A

single display system was utilized to evaluate the capability

that indexed data offers for this type of maintenance procedure.

The ratings shown in Figure 18 indicate the capabilities

identified in the system are clear, contain safficient data,

and are more effective than procedures in place.

Figure 19 presents the responses to miscellaneous questions.

These are summarized below:

(1) Inverse highlighting is rated extremely effective.

(2) Unlike other bargraph representations, CPA snapshot
bargraphs are rated effective.

C-27
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QF C~R1'i'(Do ii.or RETURNS= 15.
MEPN RESPOHSE 1 .73
STD.DEV1PTIONW 1.1

9o PCT CONFID+'- 1.9
80 PCT C0HFID=+/- 1.4

Iv.NOOr RETURNIS= 14. I
MEAH REsromsc- 2 .S7

STD.DEV1PIO' 1.3

90 PCT CONFZP=+/- 2.4I~iiim  1  0 PICT CONF1D=+'- 1.e

I(O.F RETURNS= IS.
M1EAN RESPONSE= 3.27
STD.DEV1IIQN= .89
90 PCT CONFID=-'/- 1.5
So PCT Cof)FIiD=+'- 1.

PF L~HJNI IJB) NO.OF RETURNS= 14.
MEAN RESPONiSE- 3.21.
STD.DEVIPTION= 1.0
go rCI CONrlID=-- 1.0
813 PCI CONFID=+/- 1.3

Im W 1, u To 't

EFFECT.-OVERALL (DR) N.FRTRS 3

MEAN RE:SPONISE= 2.31
A.4SID.DEVIRIION= .82

90 PCT CONFID=+/- 1.5
iius.I~ m 80 PCI CONFID=+/- 1.1

tF EFFECT.-OERA1LL (DB)
- t-4OXor RETURNS= 12.

t1EAt RESPONSE= 3.00
119SIP.DEVIATIO4' 1.4

90 PCI C0HF1D-*/- 2.4

80 PCT CONFID=+'- 1.8

3u r v it s p lay v>t c Rat in,, Rcsl~c-l



OF CLARITY PREFERENCE
NO.OF RETURNS= 16.

L__________ MEAN RESPONSE= 1.44
STD.flEYIATION= .61
90 PCT CONFID-+/- 1.1
80 PCT CONFID=+/- .79

O-F CONTENT PREFERENCE

80.0 -NO.OF RETU'RNS= 15.

_____________MEAN RESPONSE- 1 .47
STD.DEvtPTION= .62
90 PCT CONFID=+/- 1.1I K E 80 PCT CONFID=+/- .80

OF EFECT.PREFRENC

Figure ~ ~ ~ N.O REURS 16.i yse rfrec t.

MEA REPNE=1S

Gal~~ ST.Dm..,K= .6



QF SCENARIO IMPORTANCE
NO.OF RETURNS= 16.
MEAN RESPONSE= 1.19
STD.DEVIATION= .39
90 PCT CONFID=+/- .70
80 PCT CONFID=+/- S7"

- Critical

S e, eeS~

QF BOR GRAPH EFFECT.
30. . NO.OF RETURNS= 16.

MEAN RESPONSE- 2.81
STD.DEVIATION= 1.6
90 PCT CONFID=+/- 2.9
80 PCT CONFID=+/- 2.1
1. -ery EffectiveS. I-effective

e. 6. - nable to Score

Figure 18 Response to Miscellaneous Questions
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CG EFFECT. OVERALL
"'" ... ItO.OF RETURNS= 18.

MEAN RESPONSE= 1.70
- - STD.DEVIATION= .90

90 PCT CONFID.-+,- 1.6I I L 88 PCT CONFID=+/- 1.2

I More Effectivp
0 - SAne

4 _ _ _ - Less Effective

QG CLARITY OVERALL

. . MEAN RESPONSE= 1.40
STD.DEVIATION= .49
90 PCT COHFID=+'- .88
88 PCT CONFID=+/- .64

. . . . .. . .. . 1. - Very Clear

QG CONTENT OVERALL
'" . . . . .. . . .... N'O.•OF RETURNS= 10.

,,. MEAN RESPONSE- 3.20
STD.DEVIPTION-- .7S5

; .. ... .. . . ... ... ... 90 PCT CONFID=+/- 1.3.. 80 PCT COFID=+- .97

3 - Fnngh
• 5. -Tno Little

Figure 19 Display System Rating Response
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(3) Trending GPA results are viewed as helpful.

(4) Vibration history plots are perceived as very
helpful.

(5) All respondents indicated that SOAP results are
required for OCM.

(6) All respondents indicated the effectiveness of
SOAP particulate rate. This conclusion was not
accepted by the task force.

(7) Maintenance history records were overwhelminglv
believed to be effective.

(8) Data products were desired in ,,raphics and hard copy.

(9) There is no clear cut preference for the full life
usage status (G337) over screened parts replace-
ment products.

(10) The entire list of outstanding TCTO's was preferred.

Comments are included in Table 7.

2.8 Question H - Depot Maintenance Forecasts

The scenario addresses depot return forecasting using

usage and performance records. A single system illustrates

an interactive form input and tabular data product.

Figure 20 shows that the system was rated very clear but

without sufficient information. Significantly, respondents

perceived the system to be more effective than the current

procedure. This indicates a general lack of confidence by

the respondents in current information management methods

to address this function. Table 8 lists the comments. :\

two year forecast period was reenforced by the task force.

Figure 21 shows the miscellaneous qIuestion re.sponses.

vonthlv forecasts rated as extremely valuable. Accuracy level

preference is between 80" and 90",. Removal ciiic was

selected as an additional data item by a majority of the

respondents.
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Fable

Maintenance Forecast User urvev

COMMENT FREQUENCY

PERFORMANCE TRENDS AND ACCURATE 1
PROGNOSTICATION ARE KEYS TO OCM

CONSIDER ESTABLISHMENT OF WATCH 3
STATUS FOR MONITORING ENGINES (IT
SUPPORTS FORECAST)

s SHOW BOTH TIME/CYCLE AND FAILURE I
REMOVALS ON SAME SCREEN OR CROSS-
REFERENCE THEM

e BAR GRAPH CONFUSING - LESS EFFECTIVE 6

o PREFER BAR GRAPH 1

o INCLUDE FAILURE REASONS 1

o GPA TREND RATE MORE IMPORTANT THAN I

DELTA

o GIVE EXPECTED EOT UNTIL REMOVAL 1

o HOW WERE GPA FAILURE PROJECTIONS 1
DERIVED?

C-



Table 7

OCM TEA f - Survey Comments

COMMENT FREQUENCY

* HARD COPY OF DISPLAYS WOULD BE 1
BENEFICIAL

@ DATA DISPLAYS SHOULD ALSO BE I
AVAILABLE AT BASE LEVEL

* INCLUDE LEVELS FOR VIBRATION, SOAP 1
AND OVERTEMP ON PROFILE

9 INDICATE DATE OF LAST REPAIR AT 1
SA-ALC

* DISPLAY MORE DIAGNOSTIC DATA FOR 1
OVERTEMP EVENT
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QG IV-PROFILE

MEAN RESPONSE- 1.20
off. STD.DEVIATION= .60

90 PCT CONFID=+/- 1.1
.0 PCT COIIFID=+/- .78
1. Very Effective
5. Ineffective VIGHL!GHTS

.4 - NO.OF RETURNS- 18.

MEAN RESPONSE- 1 .80
. . .. STD.DEVIAT!ON= 1.2

*90 PCT CONFID- /- 2.2
.. 11. 80 PCT COHFID=+/- 1.6

.. Very Effective
5. * Ineffective ;PA

QG TRENDem . NO.OF RETURNS= 9.
MEAN RESPONSE= 1 .67
STD.DEVIATION= .82

98 PCT CONFID=+/- 1.5L8 PCT CONFID= '- 1.1

I - Very Helpful

- Iele%-
iQG VIBRATIOff

QG VBRAION--- t1O.OF RETURNS= 10.
MEAN RESPONSE- 1.20

e .. STD.DEVIATION= .60
90 PCT CONFID-+'- 1.1
88 PCT COIIFID=+/- .78

qm~a1. -Very Heipf-0
5 - Useless

QG SOAP REQUIRED

NO.0F RETUJRNS= 18.
MEAN RESPONSE- 1.60

.. STD.DEVIATION= 0.
90 PCT COHFID-'+-O.
10 PCT CONFID=+/-O.
I Very Fssn tiAl
I Not Rp ..red

0.

(IG SOAP Rn
lig 0 t McO.OF RETURNS= e.

MEA REPOSE 1.0

90 PCT CONFID-+/-O.

O " 1I Ve ry F ffP~ t ive

S -Ineffortive

Figure 20 Response to Miscellaneous Questions
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QG HISTORY PLOT
",O.OF RETURNS= 10.
MEAl RESPONSE= 1.30

STD.DE'/IPTIOII= .46
96 PCT COHFID=+/- .82
80 PCT CONFID=+/- .60
1. - Vpry Effective

5 1 - e Infffective

QG HISTORYQG TIEOCYL O.OF RETURNIS= 10.

MEAN RESPONSE= 2.60l

STD.DEVI ATION= .80
90 PCT COHFID=+'- 1.4
80 PCT CONFID=+/- 1.0I CRT Di~play

ma Mnual Pe,,rd,. Only

3. - RT Disptay A Manuta RP? ,rd,;

il - ICE 4.(t ihSrend(oi

S .NO.OF RETURNS= 10.
MEAN RESPONSE= 2.1n

STfl.DEVIATION= 1.1

90 PCT CONFID-+/- 2.41
80 PCT CONFID=*/- i.e

3.- [li pity fAne G3

' -- 4 i, 337 With ntreppned oCoi itnhinin IV

Fgr 2 Reps. icl. NO.OF RETiRNS= t.

STD.DEVIATION= .80i 90 PCT CONFID= /- 1.4
• 80 PCT CONFID--+/- 1.0

1. Vo Inr.rk i',t
2' -CRT Pisplay of ',PlpctpJ TCIO',

I -C(RY Display of n{rit r Li,,t With IV

Figure 20 Response to Miscellaneous Questions (Continued)
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QH CLARITY OVERALL
NO.OF RETURNIS= 11.
MEAN RESPONSE= 1 .91
STD.DEVIPTIOH= 1.1
90 PCT CONFID=+-/- 1.9

_80 PCT COtFID=+/- 1.4
i. Very Clear

9.1 -r- L~

QH CONTENT OVERALL
60. NOOFRETUJRNS= 11.

MEAN RESPONSE= 3.27
STD.DEVIRTION= .7s
90 PCT CONrID=4/- 1.3
80 PCT CONFID=+/- .97

I EnooMh
e ! a4 5. - Too Iittle

EFCT. OVERRLL
me HEFFCT.OVEALL NO.OF RETURNS= 11.

MEAN RESPONSE= 1.73
STD.DEVIATION= .62

-a- . . 90 PCT COtFt D=+t- 1.1
80 PCT CONFID=+/- .80

. I l ore Effpctiv-

3 - Samew--A--"-- - te', Fffprtivp

Figure 21 Display Sv,; tm R.Lti i,. Respo nsc
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2.9 Question I - Multiple Base Deployment

This scenario addresses command level requirements for a

multiple base, short term, tactical deployment. Both displays

utilize an automated form type entry. Display System A uses

a lower density format. System B uses paged information and

includes usage and performance data on selected engines.

Figure 22 shows the rating responses for each system.

The format of display system A was rated clear but lacked

sufficient information. System B was acceptable in clarity

and contained sufficient information. Table 9 lists the comments

from respondents. A significant portion has doubts concerning

the validity of this scenario; hence, interpretation of the

functional aspects of the responses are not possible.

Figure 24 indicates that System A is preferred for clarity

but the information content is less preferrable than !7ystem B.

Figure 23 shows the results of the questions pertaining

to the value of the concept and the acceptance of this functional

capability. A strongly mixed reaction is observed indicating

some negative preference among respondents and confusion over

methods and calculation techniques. The task force indicated

that this type of capability would be useful at the base

level; however, maintanence personnel should utilize sorting

canabilities of MIMS to screen engines for deployment.

2.10 Question J - TCTO Assessment

This scenario addresses command level management of TCTO

impact and assessment of fleetwide maintanence requirements.

Display System A presents tabular grouping formats and System

B uses hargraphs.

Both systems were rated in almost the same way (Figure 2S).

Clarity was very acceptable, content was insufficient, to address the

;84



OH VALUE

.. NO.OF RETURNS= 11.
"A EA~N RESPONSE- 1.36-STD.DEVIRTION= .64

- 90 PCT CONFID=+/- 1.2
4,.-. 80 PCT CONFID=+/- .84

a:. I - tffleily ValudbI e

. ... 
. . . 5 - WOrthleS

OH ACCURACY

MEAN RESPONSE= 1.91
36. -STD.DEVIATIOH= .79

I 90 PCT COHFID=+/- 1.4
30o., 80 PCT CONFID=+/- 1.0
86m.4 1 Co, lect "W, e tha., got uf the time

1 Correct more thai 80, of the thloe
3 CorreLt more thdn 70& of tie t he

QH ADDITIONS114-t O.OF RETURNS= 5.
411.4 fMEAN RESPOISE= 2.20

STD.DEVlRTIOtI= 1.2
.,.. 90 PCT CONID '- 2.1

80 PCT COILFID=+/- 1.5
20.4 . Cuse of F ilIure

I TOT
][At, _ 3 -LCF

4 - TAMP

Figure 22 Response to Miscellaneous Questions
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QJ CLARITY OVERALL (DA)

IIEAI RESPONSE- 1 .89
STD.PEVIATION= .99
90 PCT CONFID-+/ - 1.8
80 PCT CONFID = +/- .3

-very (rIpar

CLRITY OVERLL B) NO.OF RETURNS
=  8.

MIEAN RESPONSE- 2.38
. STD.DEVIATIOH= .99

90 PCT COHFID- /- 1.8
80 PCT COHFID=+/- 1.3

1 - Very Clear

5 Obscure

QI COHITENIT OVERALL (DA)
- NO.OF RETLIRN'S= 9.

MEAN RESPONSE= 3.78
- STD.DEVIPTION- .79
90 PCT CONFID=+/- 1.4
80 PCT CONFID=+

/- 1.0

L iI! I 1 -T,,n Mudh

QI COTET OVERLL() O.OF RETURNS= 8.

QEA EREEPTONNES 2.6)

STD.DEVIATION- .86
90 PCT CONFID- /- .2
80 PCT CONFID-+/- 1.6

S -Ennu(Ih
S . - oo Little

IEFFECTIVENESS DA) T

-1-

MEAN RESPOHlSE
= 2.22

STD .DEVIATION= .92

6 0 PCT CONFID
= + / - 1.2

Of EFFECTIVENIESS_ (DR) O.F ETPS
=  .

MEAN PESPOIISE
= 2.38

STD.DEVIATION-- I.2
~90 PCT COHFID-+

/ - 2.2lllm 8e PCT CONFID--+/- 1.6

Figure '3 Display System Rating Response



Q1.O CONTENT PREFERENCE
t40.OF RETURNS= 10.
MEAN RESPONSE= 1.70
STf.DEVIPTION= .64
96 PCT CONFIi=+/- 1.2

', 186 PCT CONFID=+/- .83

.I EFFECT. PREFERENCE ": NO.OF RETURNS= 16.

MEAN RESPONSE= 1.70
STD.DEVIATION= .64
90 PCT CONFID=+- 1.2

" 80 PCT CONFID=+ - .83

QI CLARITY PREFERENCE
NO.OF RETURNS= 10.

__._ _MEAN RESPONSE= 1.50STD.DEVIATION= .6790 PCT CONFIt= +- t.2

90 PCT CONFID=+/- .87

ystem A2Svstem B
3 "io Preference

Figure 24 Display System Preferences
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llVLUE Or PLANNER
J .. . . .. . NO.OF RETURNS= 10.

MEAN RESPONSE- 2.40
-. . STD.DEVIATION= 1.4
98 PCT CONFID=+/- 2.6

20,.., 88 PCT CONFID=+/- 1.9
1 - Very ValuAble

. t 5. - Worthless

Q1 APPROVAL OF CONCEPT
NO.OF RETURNS- 10.
MEAN RESPONSE- 2.58

..... STD.DEVIATION= 1.4

198 PCT CONFIDf+/- 2.6
80 PCT CONFID=+/- 1.9

. Strongly Approve
Stronqly Disapprove

B OPTION EVALUATION
NO.OF RETURNS= 9.
MEAN RESPONSE= 2.33

.... STD.DEVIATION= 1.1
98 PCT CONFID-+/- 1.9iLL, 0 PCT CONFID= /- 1.4
. Very Valuable

Worthleps

4?1 ... ES .C.LL.TO NO.OF RETURNS= 18.

MEAN RESPONSE- 2.38
....... . STD.DEVIPTIOH= 1.3

098 PCT CONFID-+/- 2.3

80 PCT CONFID=+/- 1.6

-_ S. - Wnrthies,

I CONCEPT APPROVAL
NO.OF RETURNS= 10.
MEAN RESPONSE- 2.38

" -STD.DEVIATION= 1.3Im NL 90 PCT CONFID-+/- 2.3

to. 88 PCT CONFID=+/- 1.6

- Strnngly Approve
S - Strongly Dilapprovo

Figure 2S Response to Miscellaneous Questions
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scenario and effectiveness preference against current proce-

dures was inconcluqive. Figure 26 shares that the tabular

presentation (System A) was rmore preferrable than the

graphical (System BI, especially in the amount of information

presented in the product.

Responses to questions are shown in Figure 27 and

comments in Table 10. Engine location in the pipeline is

rated as important. Split responses in the value of graphics

is reflected in the effectiveness rating for the graphical

forecast. One comment was received with significant frequency

regarding multiple system access to resolve management function.

This response can be interpreted as negative reaction to

systems in which significa nt user cross referrencing is required

to obtain data items that arc matched to a particular functional

requirement.

2.11 Question K - Spare Engine Status

This scenario addresses the command level engine

manager requirement to monitor spare engine status at a number

of remote operating bases in a timely and efficient manner.

Both systems present the same tabular data format. System \

uses highlighting of data :ind System B uses classical excepticn

management procedures to flag detected anamolies.

Both systems (Figure 281 ere r'ated clearl\ understandable.

System A was iidged more effective than current practices. A

significant preference appe;ared in r:tin, the .,xce tion Cip:i-

hilitv, In this small samiple, the respondents viewed >vsteTl

as having insufficient information; > wev', sextral :elt

strongly that it was !or e ef fective thin ,:rren: practices.

In Fi:iUre 29, :vst em A was pre Ferred over svs c hvre spender s

I'hest res-onses indl :ate that, i.hi Ic ecl I icKi except in

ma na gemen t rocedures c in he used 1',) hiF 1 .1h , inc ,Q rob : I c -,



q ,CLARITY OVERALL (DA) R- " :O.OF RETURM$S=  10.

IlEPH RESPONSE= 1.90
STD.DEVIATION= .94
90 PCT CONFID=+/- 1.7
80 PCT COFID=+/- 1.2

• / i B !.- Ve,y Cie

5. Obscur-ee

QJ CLARITY OVERALL (DB) NO.OF RETJRNS= 10.

MEAN RESPONSE= 2.60
STI.DEVIATION; 1.4

S i i90 PCT CONFID=+/- 2.4
"jjj 4I8 mPCT CONFID-/- 1.8

I. - vey C Per

5. -Obscure

QJ CONTENT OVERALL (DA)
IIO.OF RETURNIS= 10.
MiEAN RESPONSE= 3.30
STD.DEVIATIOh- .78
,0 PCT COHFID=+/- 1.4
80 PCT CONFID+/- 1.0

-- ------- 'Too Little

IQ. CONTENT OVERALL (DB) I.FRT1S 1.

MEAN RESPOHSE= 3.80
STD.DEVIATION= .7S
0 PCT CONFID-+/- 1.3
8 PCT CONFID=+'- ..)7

- rn M,,ch

E - no uqh
e ! e• S - Tro Little

QJ EFFECT. OVERALL (DA)I -NO.OF RETURNS= 9.

MEAH RESPONSE= 2.22
STD.DEVIATION= 1.3
90 PCT CONFID=+/- 2.4
80 PCT CONFID=+/- 1.7

Q" EFFECI . OVrRALL DB) 'T r

,I M E A F i l O r E T L FJ = 9 .7

o PCT c__irIP_-t H..
' _0 PCT GONFIO -+'- .

T wI



QJ CLARITY PREFERENCE
NO.OF RETURNS= 11.

__ MEAN RESPONSE= 1.4S
STD.DEVIATION= .SO
90 PCT CONFID-+/- .90
80 PCT CONFID=+/- .66

QJ CONTENT PREFERENCElet. NO.OF RETURNS= 11.
MEA~N RESPONSE= 1 .27
STD.DEVIPTION= .62

_ _ _ _ 90 PCT CONFID=+/- 1.1
80 PCT CONFID=+/- .80

EFFECT. PREFERENCE6,. NO.OF RETURNS= 11.
MEAN RESPONSE= 1.73

:90 PCT CONFID=+/- 1.3
,,. . .0 PCT CONFID:+/- .97

- System A
- System
, No Peference

Figure 27 Display System Preferences



Table 8

Maintenance Forecast - Survey Comments

COMMENT FREQUENCY

a INCLUDE PROBABLE CAUSE OF FAILURE 2

* PROBABILITY OF MODULE RETURN ONLY 1

e REQUIRE AT LEAST 6 MONTH PROJECTION 1

* USE AT BASE LEVEL ALSO 1

* LONGER TERM REMOVAL FORECASTS (2 YRS) 2
REQUIRED TO SUPPORT LOGISTICS MODELS
AND PROCUREMENT LEAD TIME

C -1



Table 9

Multiple Base Deployment - Survey Comments

COMMENT FREQUENCY

* DEPLOYMENT MAY BE VIABLE AT BASE 2
LEVEL - PROBABLY NOT USEFUL AT
COMMAND LEVEL

* CAN ALL AIRCRAFT AND SPARES COME FROM I
ONE BASE?

* CERTAIN CONSTRAINTS IMPOSED BY 2
DEPLOYMENT REQUIREMENTS AUTOMATICALLY
ELIMINATE SOME AIRCRAFT FAIL NUMBERS
(ENGINE HEALTH IS NOT THE ONLY FACTOR)

s REQUIRE MORE INFORMATION TO DO 3
PLANNING (TIME FACTORS, HOT TIME,
OUTSTANDING TCTO'S)

* DISPLAY INDIVIDUAL GPA NOT JOINT I

* PROVIDE MORE THAN REQUIRED AIRCRAFT I
FOR SELECTION PURPOSES

* CURIOUS HOW AIRCRAFT ARE AUTOMATICALLY 1
SELECTED

* DON'T PUT AUTOMATICALLY REPLACE
ENGINE, LET THE USER DETERMINE THAT

ff- . -



Table 10

QJ - TCTO Assessment - Survey Comments

COMMENT FREQUENCY

o BAR GRAPH A VIABLE HIGH LEVEL DISPLAY 2

* ADDITIONAL QUERIES REQUIRED TO SOLVE 4
ALL MANAGEMENT PROBLEMS

o ACCESS INFORMATION ON NEXT SCHEDULED
MAINTENANCE ACTIONS FOR ENGINES CLOSE
TO LIMIT

o DOES THE DATA BASE INCLUDE INFORMATION I
INTRANSII TO DEPOT

o CONCERN WITH FORECAST LOGIC 1

C-48



QJ LOCATION (DR)

MEAN RESPONSE= 2.44
STD.DEVIATION= 1.3
90 PCT CONFID-+/- 2.3

. 80 PCT CONFID=+/- 1.6

QJ D)EPOT GRHIL iW5 O.OF RETURN4S= 10.
MEANI RESPONSE= 2.40
STD.DEVIATION= 1.6

90 PCT CONFID+/- 2.8
80 PCT CONFID=+/- 2.0
I Very Effectuve
S Ineffective

QJ ADDING LOCATIO18

MEAN RESPONSE- 2.00
• . STD.DEVIATION= 1.0

90 PCT CONFID- '- 1.8
80 PCT CONFID=+/- 1.3

1 G eAtIy IncreaseL V ,rPAtly rfecreAe

QJ FORECAST GRAPH
MEAN RESPONSE- 2.44
:$TD.DEVIATION= 1.4

i 90 PCT COHFID- /- 2.6

90 PCT CONFID=+/- 1.8
, - xtrbely Beneficial

Wo- rthless

Figure 28 Response to Miscellaneous Questions
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CLRI TY OVERALL DA)NS= 7.
MEflN RESPONSE= 1.57
STD.DEVIT ION= .73
90 PCT CONFID-+-- 1.3
80 PCT COHFID=+/- .95
I Very Clear

5 obscurp

QK CLARITY OVERALL IDB)• . .. .. ..... .... .. .. NO.OF RETURNS=  7.

MEAN RESPONSE= 2.14
STD.DEVIATION =  1.1
90 PCT CONFID=+ / - 2.0
So PCT CONFID= +-- 1.5

- Very Clear

S - Obscure

qr COHTE T OVERLL (DR)

MEAN RESPOISE= 3.14
STD.DEVIPTION= .99
90 PCT CONFID=+/- 1.8i~ il80 PCT CONFID=+-- 1.3

- Too Much
S nou"h
1- s - To I ittle

QK CONTIENT OVERFILL IElB1
13) .. NO.OF RETURNS= 7.

MEAN RESPONSE- 3.71
STD.DEVIATION- .70
90 PCT CONFID=+'- 1.3
8 PCT CONFID-+/- .91

- Too Mur h
3 _ Fnnolnh

H -0- 1- Ton Little

QY EFFECT. OVERALL (DA)
NO.Or RETURNS= 7.
MEAN RESPOIISE= 2.29
STD.DEVIITIOH- 1 .4
90 PCI COHFID=+/- 2.5
80 PCT COtlFID--/- 1.8
I .r

- " - I - - S, la ',', f 1¥

iI. EFFECI. OVERALL UDI t .OF RETlS- 7

MENRESPOIISE= 2 .86
STD.DEVIPTIOP' 1.6

S~90 PCT COIFID--/- 3.0
' I 8 PCT CONFID = + / - 2.1

I % mp

Fiqure 29 Display System Rating Response
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highlighting and summary methods may be more acceptable to

the management personnel because there is no perception of

missing data. These responses are reinforced by miscellaneous

question responses (Figure 30) and comments in Table 11.

III. CUMULATIVE SURVEY RESPONSES

Survey, responses to data item categories included in

several questions are summarized in this section. Figures

32-3- present these results. The results detailed in Chapter III

were based on these tallied responses.

I



CLARITY PREFERENCE
NC1.C, RETURNS= 8.

____________MEAN RESPONSEs 1 .50
-ISTD.DEVIRTION= .71

9e PCT CONFID=+/- 1.3
80 PCT CONFID=+/- .92

QK CONTENT PREFEWENCE
NO.OF RETURNS= e.

._ _ MEAN PESPONSE= 1.60
STr.DEVIPTION= .71

_____90 PCT CONFID=+/- 1.3
80 PCT CONFID=+/- .92

QK EFFECT. PREFERENCE
"0 -NO.OF RETURNS= 8.
._ MEAN PESPONSE- 1.S

STD.DEVIATION= .71
90 PCT CONFID- /- 1.3
80 PCT CONFID=/- .92

S ' ty ff'
Sse - 5 -

Figure 30 Display System Preferences
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Table 11

QK Spare Engine Status - Survey Comments

COMMENT FREQUENCY

9 DEFINE ADDITIONAL DISPLAYS TO 2

IDENTIFY THE PARTS PROBLEMS FOR ENMCS

o FURTHER DEFINE PIPELINE SEGMENTS 2

s DEFINE EXCEPTION REPORTING LOGIC 2
BASED ON PIPELINE STANDARDS

o ELIMINATE %/REPLACE WITH AUTHORIZED 4
LEVEL AND NUMBER ON HAND

a ADD % COMPLETE CLASSIFICATION 1

C- S3



QK IV ON DA -. . I-NNO.OF RETURNS =  
8.

MIEAN RESPONSE= 1 .75
STD.DEVIATION= .66
90 PCT CONFID=+/- 1.2L i 80 PCT CONFID=+/- .86

I Verv Fffectlve
5 Ineff(ectve

QK MGMT BY EXCEPTION

MEAN RESPONSE= 2.25
... ... STD.DEVIATION= 1.4

90 PCT CONFID-' 2.5
80 PCT CONFID=+/- 1.8
I .- Pry Fffe tive
9 - Ineffective

QK B DAILY,A WEEKLY

MIEAN RESPONSE= 3.13
- - STE1.DEVIATIO1N= 1.390 PCT COFIFIDl+/- 2.3

S2. 80 PCIT COHFID=+/- 1.6

QK TPEND ON B
"o.I  . .... . ..DC . O.OF RETURtIS= 7.

MEAN RESPONSE= 1.29
9 ,.STD.DEVIPTION= .70

90 PCT CuNrID=-/- 1.3
80 PCT CONFID=+/- .91

- Very Vil) nhI 
0

' R s e f hl a*, ',

Pi~lu[c 31 Resq,~eS(T t:}ksiSf laieo)ti- {?Ue~t i~fl5
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PROFILE DENSITYii'1,- -,,~i.,NO.0F RETURNS= 38.

go. MEAN RESPONSE- 1.45
STD.DEVIATION= .58
90 PCT CONFID-+/- .89,,, 8e PCT CONFID=+/- .65

_ _ _-- 1. - Extended Verslon(High Density)
_ _ _ _ _ _ 2. - Short Version(Low Density)

ICONTENT BSS (CUM-DA) N.7RTRS 2

MEAN RESPONSE= 3.09
-- ___ _______ D.DEVIATION= .80

90 PCT CONFID=+/- 1.4
80 PCT CONFID=+/- 1.0
a.-Too Much
3. -Enough

4 6 - 5,- Too Little

ONTENT'DSS(CUM-D)---1NO.OF RETURNS= 31.

I ______ _____ MEAN RESPONSE- 3.26
-- STD.DEVJATION= .80

90 PCT CONFID-+/- 1.4
. -88 PCT CONFID=+/- 1.8

1 - Too much
3. - Enough
5. - Too Little

F ,i r c i Pii Ic : i i i i
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INVERSE VIDEO
.00. NO.OF RETURNS= 31.

,°.,MEAN RESPONSE= 1 .35
STD.DEVIATION= .74
90 PCT CONFID=+/- 1.3

__,., __ 80 PCT CONFID=+- .97
- _ _ __ - 1. - Ver EffeLtive

S. Ineftective

ALARM EFFECTIVENESS' NO.OF RETURNS- 20.

MEAN RESPONSE- 1.40
STD.DEVIATIOH= .97

__,0.,-90 PCT CONFTD=+/- 1.7
80 PCT COHFID=+/- 1.3
1. - Very Effective
5. - Ineffective

.IAG EFFECTIVENESS-QA
NO.OF RETURNS= 19.

. __MEAN RESPONSE= 1.53
STD.DEVIATION= .68

___o., 90 PCT CONFID=+/- 1.2

80 PCT CONFID+/- .88

1. - Adequate
i3. - Unable to Score

DIAG EFFECTIVENESS-QB644NO.OF RETURNS= 16.

MEAN RESPONSE= 2.13
__.,.STD.DEVIATION= .86

-90 PCT CONFID-+'/- 1.5
U 80 PCT CONFID=+/- 1.1

1. Very Effective
5. Ineffective

ROUP-TA VS BRR(CUM) NO.OF RETURNS= 26.

MEAN RESPONSE- 1.19
STD.DEVIRTION= .39
90 PCT CONFID=+/- .71
88 PCT CONFID= /- .Sl
S- Iatbular Preferred

I - bargrApe referred

GROUP-BAR GRrPH - - NO.OF RETURNS= 26.

MEAN RESPONSE= 3.15
.- STD.DEVIATION= 1 .7

90 PCT CONFID-+-'- 3.1

-- V 0fth-FID=: -- 2.2

* .... " - U --' >*' " '.,t2 '' " :

II I II II I I
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GPA SNAPSHOT-(CUM)

MEAN RESPONSE- 1.97
STD.DEVIATION= 1.3

_98 PCT CONFID-+/- 2.4
80 PCT CONFID=+/- 1.7

1. Very Effective
5. Ineffecttve

ijfi TREND-(CUM) NO.OF RETURNS= 31.

GP RKEVALUTION

MEAN RESPONSE- 2.23
____STD.DEVIATION= 1.3U90 PCT CONFID-+/- 2.7

___,.__ '80 PCT CONFID=+/- 2.0
Ivery Effective

I5. Ineffective

. veyValuableeI
le" N5.O WreTss

0.4 6. unable tol Scble



MAINTENANCE HISTORY
NO.OF RETURNS= 10.
MEAN RESPONSE= 1.80
STD.DEVIATION= .40

-90 PCT CONFID=+/- .72
80 PCT CONFID=+/- .52

I- CRT Uisplay
CRT Display & Manual Records

VIBRATION TREND NO.OF RETURNS= 10.

MEAN RESPONSE= 1.20
as. STD.DEVIATION= .60

90 PCT CONFID=+/- 1.1
80 PCT COtNFID=+/- .78

EGA ' -Very Useful
5. Useless

SOAP REQUIREMENT

MEAN RESPONSE- 1.08
to - STD.DEVIATION= 0.

90 PCT CONFID-+/-O.
go-, 380 PCT CONFID=+/-0.

1. Very Essential
5 - Not Required

SOAP RATE,,,. el___NO.OF RETURNS= 10.

MEAN RESPONSE- 1.00
. ,wSTD.DEVIATION-- 0.
~90 PCT CONFID-+/-O.
., 80 PCT CONFID= /-O.

•I-. - Very Effective

5. - Ineffective

V3 4 t

F gure 3S Inteizr:itcd Pat;i ' oul',e

[!va~~~ A Il ,



_II FACTOR EVALUATION NO.OF RETURNS= 2.

3,., MEAN RESPONSE- 3.05
STD.DEVIATION= 1.9
90 PCT CONFID-+/- 3.4
80 PCT CONFID=+/- 2.S

__4.___ 1. - Extremely Essential
S. - Worthless
6. - Unable to Score

LIFE LIMIT UNITS (CUM)"U SNO.OF RETURNS= 22.

____ ___________MEAN RESPONSE- 1.82
STD.DEVIATION= 1.1

_ _ _ _ 90 PCT CONFID- /- 2.0
80 PCT CONFID=+/- 1.4

"A_ _ I1. - 100 Hours
2. Component Closest to Limit-. -3.- Flexible

4. 5 o urs
5. -200 Hours

360 LIE"SAENO.OF RETURNS= 10.
LIFE USAGE S ~ enn

30., MEAN RESPONSE= 2.38
STD.DEVIATION= 1.1

*=..,90 PCT CONFID-+/- 2.0
_ =..,80 PCT CONFID= /- 1.4

_1 w~w_ 1 -CRT Display-Automatic Screening

2. -G337 Products
16Aj._ 3. -CRT Display & G337

TCTO STATUS 4. -G337 With Screened Components IV
1". NO.OF RETURNS= 18.

MEAN RESPONSE= 2.60
STD.DEVIATION= .80

-'__90 PCT CONFID-+/- 1.4

30 PCT CONFID=+/- 1.0
1. -Entire List

I12. -CRT Display of Selected TCTOs

__ 
3. -CRT Display of Entire List With IV

UOT TIME FACTOR (CUM) NO.OF RETURNS= 58.

,,.,-MEAN RESPONSE- 1.42
-. STD.DEVIATION= .70

98 PCT CONFID-+/- 1.3
4.0 88 PCT CONFID=+/- .qO

1. - Hours
20.4 2. - Percent
. 3. - Both

Figure 36 Life Usage \ssessnent
Evaluation
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Bw.SC FORECAS
NO.Of RETURNS= 16.
MEAN RESPONSE- 1.19
STD.DEVIATIOH= .39

.. . . . 98 PCT CONFID-+/- .70L80 PCT CONFID=+/- .51
I Critiral
5 Useless

FORECAST ACCURACY ..' OECS . .... -...... NO.OF RETURNS =  
12.

MEAN RESPONSE- 1 .6?
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APPENDIX 1)

TASK FORCE REVIEW TRANSCRIPTS

I. INTRODUCTION

A critical element of the Phase I study effort was the task

force review of the survey results and the prototype system re-

rIt 'ements definition. This meeting was held at 'right -fPat terson

Air Force Base, Ohio, on 6-7 June 1979. Participants in the task

force were chosen from among the survey respondents and from

persona 1 interv iews as a cross sect ion of expert iso represent ing

~a e, depot , MAJCO, and AFLC organizations. T is appendix pre -

sents edited transcripts from that meeting which include critical

covmentary and ins ight > into Air Force operational iiformat ion
requi reents.

II. PC\N -ZATION 01 TRANSCRI PTS

The task force agenda is shown in Table 1. The survey for-

mats and scenarios were introduced and the results reviewed. Le

isplays selected during the survey process were then used as the

basis for the remaining discussion. The objective of this dlaloizie

was to establish a consensus of opinion on data requirements and

infori,:ation management concepts for integration of au.tomated 'FMS-

acquired data into the o0'1S process.

The discussions were %,ide ranging and frank concerning the

Surrent status and desirable improvements. The edited comments

are indexed in the margin according to requirement and topic to

fac iilitate easy reference. The coladn indexes k: 01e cr lAti'd t 0

maior elements of the requ irCement definition in lable 2 and Crol s -

1o erenc ed to transcript pagi nat joO in Table 3. 1he dicc,, si on<

in1 tit transcript cover h;ase level and depot infornat nn reqalceent
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Table 1

Task Force Review Aqendn

6 JUNE 1979

8:15 Introduction

8:30 Task Force Objectives/Background

8:45 Summary of Survey Results

9:30 System Overview

10:00 Base Level Prototype System Capabilities

1:00 Depot Prototype System Capabilities

2:00 Command Level Prototype System
Capabilities

2:45 Session Review

7 JUNE 1979

8:30 Review First Session

9:00 Summary of Results

9:30 Presentation Final System Design

11:00 Discussion
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TABLE 2

Correlation of Major Topics
with Index Symbols

CATEGORY/TOPICS :EOEX 'YMBOL

SYSTEM OVERVIE.

Introductory Remarks In
- Goals of System Go

MAINTENANCE MANAGEM'ENT PROCESS

Management Decision Process Md
DeploYment De
On-Condition Maintenance 0c

- Opportunistic Maintenance Or

EXCEPTION REPCRTING

Data Alarms, Exceptions Al
Management By Exception Me

-Watch Status Ws

OATA/INFORMATION ITEMS

Diaqnostic Messages Dim
Historical Data Requlrements Hd
Maintenance History Requirements mI

Gas Path Average Ga
Life Usage messages Lu
SOAP So
Supply Cinsiderations Su
Tracking Modules 7k

DATA DISPLAYS/FORMAT

- Base Status Summiary Bs
Correlation Co

- Data Format Df
Engine Profile Ep
Forecast Fo
Trending r

DATA ACCESS/INQUIRY

Data Access 'ethods Oa
- Grouping Capailities 1r

Ranking Capabilities Ra

SYSTEM ARCHITECTURE

System Architecture Ar
Base Level Processor Requirements

- Depot Requirements p

Supply Considerations Su

DATA ACQUISITION/INPUT

Age of Data Ad
Base Level Reporting Br
Flying Schedule rs
Maintenance Scheduling/Reporting "S
Sensor Reliability/Accuracy SoComments on TENS 7e
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TABLE 3.

Cross Reference of

Index Sequence to Appendix Pagination
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for on-condition maintenance support. Display references a:rv

included as figures.

III. PARTICIPANTS

The task force consisted of participants with extensive and
wide ranging experience in Air Force engine maite:aince, su+pport

and logistics at base, depot, command and AFLC levels. Fable

lists the symbols used to key speakers' comments a-,d cross-refe rei,.s

the speakers' expertise and organization.

IV. TASK FORCE TRANSCRIPTS

4.1 Introduction

NI: The philosophy of using displays as a means tor spec i fvir

system requirements was used with the survey. What we were look-

ing for with the displays was an identification of user require-

ments; based on these user requirements, to drive the specificat-

tions of the system requirements. lJsuailv when systems are des :ie:,

they go backwards, i.e. they look at the system requirements f rt

then they force those into the user requirements, an,.! then they

In generate displays of information. It is hoped that r ur appriJ.

will improve the final output from an automated turbine engine

monitoring system, and impact the implementation of the system

within the Air Force by integrating information that you'll !)e

giving us today into the design phase.

One of the first concepts in automaticailly acqjuirinlg 3 ;r ,

quantity of performance data is the need to reduce it to a -onc1'.

usable parameter. One approach is gas path ana lvsis. What v')11

want is the output of the system to he consistent with how thu

Air Force performs maintenance and performs l<gisticsanti'-.
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Looking at GPA, you realize early on that in using it and making

it a viable parameter to help direct the maintenance, you have to

integrate it with some of the other standard factors such as time,

cycles, SOAP, vibration, and others. To ultimately integrate the

system you need a well-developed plan so that it can be implemented

at all levels in the Air Force. We're looking primarily at what

information is needed, who is the user, what is the format,

how should the data base be organized, and what kind of access

Df the user will have. What we want is to identify those pieces of

information normally needed to approach certain maintenance de-

cisions, management problems, and group those together so that

the access is easier and more closely aligned with the decision

processes.

Al: We've been talking in the Air Force about diagnostics systems

and what we've really focussed on, at this point, is running hard-

ware on engines. I'd like to submit to you right now that the

A-10 system and the EDS system are not diagnostic systems. A

diagnostic system is the total of what is being discussed; and

the hardware which is out in the field is only that which collects

the data, but all the rest makes it a diagnostic system. It's

Go a repository of information which feeds back information, that's

the diagnostics. And we don't want to get misled by any con-

tractor or by any person that the A-lO system is a diagnostic

system; it's only the input to the system. So we've got to go away

from here with the idea that the critical ability is to pass this

information around and get it back out for a decision-maker or

to aid our decision-making; that's the diagnostic system.

Cl: Diagnostics includes the people who make the decisions, a

repository of information, the whole works.

M: There are a number of important questions concerning infor

mation requirements. How much information can one person reallv

Df look at and understand? What information should be in the pro

file, and what candidates are there for subsystem sumrrv' Which

should contain the more detailed pieces of information? Which



shouldn't you normally access unless there was a nrrblem or ai

reason for looking at a particular area.' Another aspect is

acc:urac)y. flow accurate is informiation and how is that port raved

on the display. Can you at least make somc ]udgement , p)ut some

confidence level on your decision'. In the format ot the data,

there is the option of tabular or graphical. There is trending

information, recent trends, long-term trends, display as a time

plot Inaddtionto ispayig trends, should the sy-stem also

correlate this information with maintenance 11 story t -give i n.etter

feel for why these trends existed'

W e will discuss the organizaticni ot thec Lita !base anu fne

acc:ess to the info rmra tion, to ide nt iv '. a fuac ,t ons v ou have

for interrogating the system, how von a,,cces the data and bti

certain pieces of information. What sort ot' intcrrog atilan t -unc -

t ions s;houl d h)e ava ilab le in eaich d if feren t l evelI' Also, the

::lncept of management by exception. A lot of peop le i n the

.,ir Force feel very strongly about the concel t 0 f management bv

exception. When does that make sense as a means of displayinL

tb da,1t a . Should voU onl1V dis play What the guyV needs to knoiw

About a particular problem, or at least make it s;o that hie has

to speci~fical ly ask the sys tem to provide himi wi th certain

pieces of information. Age of data is dr-iven ho the update

in terval and the frequency with which the User would hne acres -

s in the data. This- drives the trans fer frequency how often

Jo voll have -,o update the central datai base; what port ions of

thie infItl rara, io neI 1ed to "le tr'ansferredl i M1Tldi a tel w~ha t po r

t ion-, cain ho del 1tved?

I I 1e discss , t%,o i tenis that were purposely lof.t

ra ther tir: 7 v within the c(rite,\t of the Phalse I Stud% . hese

we re left funz to fr t wo( r uas,,ons :t h t2 i I I !)e (ICe 1endCeTIt sMewba"

ry1 n1 furl-thor development activi itv and w e ., a nt e d to 0i lo I ou %1)Lr -

v 1 1c . I hI I t. .x 1 )1 i t v . :he fi vs t airea .; t he s p cc i fir 1c h

t li te rirdha re a t th a 'e I :,c vi L) ,,b ;Il he imp I

I ~ ~ to Ill.1~ '' -v;tr An,!. the so.: t U:.1, 1s ta :1-
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being undefined. I'll discuss a little bit about how we can

do that.

The data management problem within the comprehensive engine

management system is significant. Just to do the increments

that are associated with parts tracking and spares allocation

represents a significant amount of data. To incorporate diag-

nostics and airborne acquired data into that system is a severe

loading factor from a data management point of view. Some of

Ar the issues that have to be addressed are the quantity of infor-

mation, the age of data requirement at each level, because these

are strong drivers to the cost and the hardware requirements to

implement a distributed processing system.

We've chosen to leave somewhat undefined the hardware at

the base. There are two concepts of the hardware at the base

which are compatible with what we're talking about today. This

first is a smart ground station, or a shop computer, which is

used to record engine flight data, automatically acquired, t.

drive an interactive terminal, and to provide data products.

Now in order to implement this with the displays we're talking

about, maintenance information has to be input. Therefore, the

N2.1ICS computer, the base level computer, would have to be tied

in with a two-way direct line. The MMICS computer then pro-

Ba vides data products to the central data bank. This is one

configuration of the sy-stem. It has the attractive advantage

from a hardware point of view that the bandwidth or the time to

have the data on the screen is much Caster than a large busy

level computer that has to service a multiple number of functitljins

and a large number of people.

The alternate configuration uses a .somewhat less sophisti-

cated ground statinn to record data and to trans fer it vii

direct digital line to the base level -nmputer within which

1.l.',Ii>g; is implemente,. The base level compIte r then provide 

the data products to thc central dit a an , ,ir yes nteract ve

-- . 1 -,-..,...', .,



terminals distributed around the base, and produces the data

products which incorporate both the diagnostic and parts infor-

mation and so forth.

I wanted to give you a feel for what we're talking about
relative to the computer hardware at these locations. As I

said, we're flexible, we've specifically left these items un-

defined because a strict and rigorous definition at this point

wasn't necessary.

The second item is the gas path average. This is a diag-

nostic parameter which is derived from thermodynamic operating

data acquired both on the ground and in flight, and processed

through a fairly sophisticated computer program which compares

this data with what a normal engine sees and what has been

reported on that engine in the past. What we have chosen is

a module-directed gas path average with a rather loose meaning.

It's consistent with the capability of the computer to produce

this type of diagnostic parameter. By diagnostic parameter I

mean a parameter which gives you an indication of the operating

performance, th.e thermodynamic compression and expansion cap-

ability, and indirect measure of things like erosion, foreign

Ga object damage, and the aging of the material components within

the module. But, it is referenced and calculated such that

a 100% represents the nominal or new performance of that par-

ticular component, and 0% represents, on an average, what an

extremely degraded component would look like. The critical

item here is that there cannot be a threshold associated with

this parameter, in the sense that you cannot absolutely say

that a gas path average of 49 indicates a failed module, or in

the case of an engine, a failed engine, because many different

failure and aging modes would produce the same gas path average.

So, to summarize what the gas path average is, it's an

indicator. It's a diagnostic in the sense of your body temperature
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that you can run a fever and not be sick. But if you don't feel

well and you have a fever, that's an indication that something

is wrong.

B3: I have a problem with this whole scenario from the very

start. My problem was getting a handle on the sensors and the

reliability of the sensors. Where were these sensors, how would

it input in order to come up with these calculations or these

trends that you're developing? Now what is this going to do

to the guy out on the line with regards to maintaining the

sensors that are going to develop this data for us?

M: In the sensor ccmplement for the scenarios, we assume for

example, in the F100, it was the EDS sensor complement. In

a new weapons system, a new engine, for example, the sensor

complement is determined precisely as a trade-off between two

factors. One factor is how much additional information can I

get about the engine by putting that sensor there? And how much

do I have to spend in terms of time in maintenance activity main-

taining that sensor complement? So for the scenarios we had,

with the EDS for example, there is a given EDS sensor complement.

Se We use that. The algorithm produces a sensor diagnostic which

shows that if you have any of your sensor complement fail, it

will issue a message saying that, for example, the T2 probe

has failed and has to be replaced. This is available in the

EDS partially at the flight line. It's available after the

processing of the downloaded performance data has been done; and

that would then come out in this type of display environment.

Now you're right, it has to be a trade-off between the system

analysis, how much do you get for putting more equipment on the

engine?

B3: Because I looked at our test cell at Kelly AFB, and that

thing is pretty elaborately instrumented. But the PML on that -

we have a tremendous PML workload just to maintain those com-

ponents that we put on and off each engine. We don't leave it

on the engine. Those are things we have to put on before we,

P-f1
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in other words prep for test, that have to be removed after ",c

test it.

M: What you're saying is that there is a question of whethe

automated engine diagnostics is a feasible concept in the Sense

that you have to put on sensors and maintain them. Quite frankl

the answer to that question is not hard and fast. There are n.-o

automated engine diagnostic systems in the field. Now the "

is being flight tested, and very detailed measurements are co:

made relative to the maintenance required to maintain the IYJ.f

Te TF41 engines with the automated system and without the auto-

mated system. The same type of testing is going on at M.yrtle

Beach for the A10 TEMS. This study is predicated on the utii:>

ation Cf automatic data acquisition of engine data, It does: :

deal with justifying whether you should have one or should no:

have one.

Al, One significant thing I'd like to point out. Yanv of thoe

systems which exist toda\ depend upon highly accurate P. ", or

maintained instrumentation. More recently,, we've frond out thio:

the sensors, even though they're not precision sensors, toe Ud tO

that's coming off them is very repeatable.

Cl: So the trend is more significant than the actual reading,

Al: Exactly. Our program here is set up to handle the trenJ

rather than the precision thermodynamic calculation.

4.2 Base Status _Summar Figure l)

I'll: The first display that you'll be seeing is a base st:t.-

summary. We're indicating on the screen the numoor r' i , .

of the 40 aircraft, which aircraft are fully mission c,

partially mission c'ipable, not mission capable, cther

of supply or maintenance. And in the t',o iicr ft

mission capable, there's an indication o ;i hele,

are no', two enoine.: inst:1lled. For the en n e ,
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at 76 installed engines, and of the 14 that are uninstalled,

3 are serviceable, 5 are in maintenance, 2 are awaiting main-

tenance, and 4 are not mission capable because of supply prob-

lems. The percentage at the right indicates an average; of the

BS 5 engines that are in maintenance, approximately 54% of the work

is complete. If you were to look at a summary of the uninstalled

engines, it would tell you specifically which are the uninstalled

engines and at what point they are in the maintenance process.

There was a major alarm on engine serial number P138, indicating

low thrust. That engine is installed in aircraft 129. A minor

alarm is indicated on engine 631. There are 5 engines currently

on watch status.

Al: I have one question. Are there additional pages if the

alarms and the watches exceed the space?

M: There would be. In terms of the engine watch status, the

only indication is the number of engines on watch status. There

would be another report that would give you an indication of

why it is on watch status and some other summary statistics.

You'll notice we use the category new alarms; those are the

alarms that have occurred since the last update of the data

base. If the age of data were, say 24 hours, and the data

base was updated every night, based on data from the day before,

we would not have much more than 4 or S alarms. A choice might

be made to indicate the number of alarms and call a display

that would explain each one to some extent.

DI: Question. On the waiting maintenance and ENMCS there, that

percent figure you've got, what does that mean? Are we talking

about maintenance manhours that are remaining to get that to

100%, or what hours, what maintenance manhours are we talking

about?

M: For management, what would be the best way to express that?

You could talk about a job that's 80% done, or requiring 10 more

Ms manhours.
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Dl: To me, that would be more significant, the number of

manhours.

Bl: Manhour backlog would probably be more significant rela-

tive to maintenance, and relative to ENMCS, I would assume that

possibly a calendar period would be more specific.

M: Like estimated time to completion?

Bl: No, estimated deliveries, more than anything else.

D2: But where would that information come from?

Bl: Well, it would be accessed out of the supply computer.

If you're addressing engine management in this sytem, you're

going to have to have the ability at the base level to tie into

Ba all existing programs.

M: Is that a MMICS capability or is that a dif,-orcint ,rocessor?

Is it resident in the Burroughs computer at the . ase l .el?

Bl: No, it's in the 1050 computer.

Cl: The IMMICS and the supply computer are two >eparate tom-

puters.

BI: But, right now, don't we get a MMICS plavu\'er to the

supply system? Isn't there a MMICS program that gives you your

due-outs and supply status?

Cl: That's on the supply computer, and that's Reel-24, D18.

Bl: Yes, D18, I know is the supply computer, hut I thought

there was a MMICS product that we could get out of the system

that was a tie to this, whether it was put in by material control

Br in the statusing of those aircraft, I don't know.

L2: That information might be there or it might he available

with input from the system here.

M: How important are those two figures, awaiting maintenance

and the ENCMtS percentages in a summary display like that.

I)- 1S
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BI: The fact that we have AWM should probably be displayed

in the probable manhour backlog that those two engine- would

incur. In other words, the engines were removed for some

cause, whether it's a scheduled cause or an unscheduled cause;

it was removed for that cause. There's a specific path of

Ms maintenance that one would run through to solve that problem

and return that engine to serviceable, which has a standard, a

job standard, attached to it, from which one could imply a

standard maintenance backlog to those particular engines.
There wouldn't necessarily be a standard maintenance backlog

for each engine, there would be a backlog relative to the

cause.

L2: Where's that information now?

Bl: There are job standards for specific types of maintenance

within the maintenance control complex.

Cl: That percentage number is a number that the branch chief

normally uses on a day-to-day basis to give him his overall

status. But it applies more to specific engines. It doesn't

have a lot of meaning when you group them.

M: Okay. So you think manhours on an overall daily display

like this would make more sense. And then if you specifically
looked at a display (as we will later) of uninstalled engines,

then gave it a percentage completed, that would make more sense

at that level?

Bl: It would be a management tool that would be applied to

programming the next day's effort or the following week's

effort, or whatever like that.

M: How about eliminating 60% figure altogether on the ENMCS?

Bi: The percent ENI4CS doesn't mean anything to me.

Cl: What he's saying is that on an average, those four engines

are 601 complete, ENORS. I think what you really want to know
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for the ENMCS is the number of items you require, and their

estimated delivery date. Here, you're looking for "Am I in
Ms trouble for supply delivery dates," on a gross look?

BI: There should probably be an overall manhour backlog in

work or removed backlog. In other words, these are uninstalled

engines; three of them are serviceable, the backlog assumed for
those uninstalled engines is the following. And then, specific-

ally, four of them are out for supply, which attaches a different

principle that is a calendar basis. So you'd have to estimate

when the status would change on a calendar basis. Since there
are four different engines, I don't know what you would do.

Cl: Let me suggest something. From a management standpoint,

particularly if the spare line happens to be low, it would

seem to me that the two AWM engines, for example, may be

relatively minor jobs, but there is a manhour figure sitting

off to the side for those that may dictate that you work those

before something else.

Bl: Sure. I agree.

Cl: And it would seem to me that you would want to know the

manhours for each of those categories.

Bl: Right.

M: Okay. The suggestion then is to replace the top two

percentages with estimated manhours to complete, and remove

the 60% and access that information on a per engine basis.

Bl: The other thing which doesn't seem to be there is the

following. There are aircraft that are down for not-engine

reasons, which indicates that there are that number of spare

engines available.

M: There's an indication on the aircraft that are down for

supply and maintenance, that you've taken those four engines

and placed them somewhere else.
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Al Cl: On the malfunction indications, how much confidence

do you have in those? Frequently, the way we do business

today, using the reports we have, an engine will come into

shop for a suspected problem, and in the course of mainten-

ance it turns out to be a completely different problem. But

that initial problem remains in the data bank. Is this derived

from that same kind of exercise?
Dm

N: This is a new alarm, and it has come in only in the last

update of the data base. This diagnostic is relatively cer-

tain; in other words, you have a high probability of being

correct. This flags things that are really bad. Things that

are degraded may be in the gray region and appear as performance

types of information.

Cl: Okay, it will be less specific.

IN: Less specific. And those will be the things that show up

on a watch status. We'll see a couple of examples.

Cl: Again, that's really key for planning, because if the guy

doesn't have confidence in what that's telling him, he's not

going to use it or if he does us it, it's going to detract from

his overall performance because he's going to be wrong.

Bl: What would be the impact of an alarm in there? Should there

be an indication whether those few particular aircraft are sched-

uled for an event within the next so many hours? From a manag-

ment standpoint I need to know the status. It should flag

that during the interim period those two problems were found

on those two engines, and they are on the schedule for the

morning's flight. Then I need to decide whether immediately

I must get someone working on them or not.

M: Right now, how is that flying schedule information

available?
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Bi: It's formulated on a monthly basis, formulated on a weekly , ,
basis, entered on a daily basis, and revised on a daily basis. V
M: How accurate is the monthly basis?

BI: Not very. It's a general guess because it takes into

Fs consideration, all scheduled events that may happen to the

aircraft during that month's period coming up. So it drags

them off the schedule at various times to allow those scheduled

things to happen. It takes into consideration the unscheduled

things. The weekly schedule defines it a little bit better.

And then of course the daily schedule represents what is actually

happening.

M: Is this the type of data that would be easily available on

a written report, or should that be accessible within the

information system?

Cl: The difficulty is that it's not in the computer today at

all locations. ATC, for example, uses the computer to schedule.

TAC and some of the other commands do it manually via written

report, and it's updated daily. But the point is well taken.

When he sees an alarm, he's going to go to the flying schedule,

whether it comes out of the computer or whether it's on a

report, to see when he has to work that problem.

M: But again, it is the question whether you think that infor-

mation should appear there, or manually on something that he
would normally have in his office.

Bl: This piece of computer information will do away with a

manual procedure which currently takes us a long time to per-

form.

M: Would you say that's a viable candidate?

Cl: Yes, you may not be able to incorporate that immediately,

but it's certainly something to look at.
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4.3 Engine Profile (Figure 2)

M: The next display is the profile of the engine with the

alarm. We talked earlier this morning about the infor-

mation chosen as candidates to appear on the profile.

B2: "LAST TRIM - OK" - What's the significance of this?

M: The performance data is used back through the T/O spec

to predict whether you're within the EPR band.

B2: You lost me. All the airplanes flying, trim okay, unless

the pilot has a squawk. So this one comes up with low thrust,

yet the TRIM says OK. I don't get the significance.

M: You've spotted an inconsistency in the display. TRIM OK
indicates that all of the trim parameters are within bounds

based upon the last updated. This particular case shows low

thrust, so TRIM would not be OK. That's a mistake.

B2: Okay, I can understand that, but if one of the param-

eters is out...

M: You'd get a diagnostic.

Bl: I don't really see any need for that display, period.

M: Why not?

Bl: It doesn't tell me anything. It tells me the same things

that I knew when I got the alarm, that I've got low thrust on

that engine.
Ep

M: It is intended to be a summary index to access the per

engine S/N data.

Bl: The only thing that's significant there, as I see it, is

a core engine GPA jump of -33%.

M: That flags the next display. Now you go in and say

"How much is that?" and it comes up and shows you specifically.
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Ep BI: Okay. I've got some historical data that I'm not sure

I need because I haven't made my decision on what I'm going to

do. I might need the historical data if my decision is to

pull the engine out now and work on it.

M: What information would you want?

BI: Well, I know that the fan is the pacing module. I've

got an HST, 1 and 2, but not as percent of TOT, so I don't

know that I've crowded HST on all of a sudden in the last

little bit. It doesn't give me anything there. I've got an

alarm. I've punched a button that's supposed to tell me what

I've got to do next. All this display tells me is that I've

Da got to punch the computer again. I'm still at the same point

I was when I read the alarm. I know that the engine's got

low thrust and I've got a problem.

Now if the pilot squawks, and he had EDS on board, I

assume he would punch out the EDS to get a picture. Something

told him he had low EPR. He feels in the seat of his pants

that he doesn't have thrust; so his write-up is low EPR, and

at that point in time he should have punched the EDS to say

"take me a reading now, because something I feel is wrong and

I don't know what." So that reading should already have dumped

into your machine here and specifically, the machine should have

answered the maintenance people saying, "Hey, here is the reading,

here's what's wrong."

M: That's the problem. There are many causes of low thrust.

You don't have sufficientinformation to say "I have low thrust,

and specifically the problem is as follows..." We're not trying

to replace the maintenance person diagnosing the problem in the

Dm engine.

Bl: Principally, this is a history-type of a system. So in

effect, what I've got here is... supposedly, this is not Day 1
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and this is not the first entry that's come out of the system.

I've got some history back of me there; I've got a low thrust,

low EPR write-up, which indicates low thrust and I've got a

-33% core G.3A and an overall drag on the total engine, which

I don't know what percent that core is of the drag. In past

cases, when I've seen this type of a parameter display through

EDS, the corrective maintenance action had been change an FTIT

probe. So specifically, what I need to see there, more than

a lot of historical data that doesn't tell me how to get to

the basis of the problem, is I need to see some probabilities

thrown up there on what my next maintenance step should be;

and then you turn the maintenance guy loose to do his diagnostic,

following the best possible procedure routine that the computer

Da says gets me fixed and back in the air fastest. Sometime during

the troubleshooting, he may stumble across something which

turns this thing around. Now we need a way for the maintenance

guy to access the computer to say, "Hey, your logic wasn't

quite correct, because in this instance, doing this procedure,

I found this." And that goes back into the history again; and

you've created a new file under low thrust. Or else, your

system, as a maintenance management system, is only going to be

a typewriter, and it's only going to say, "He)y, here's some

useless information," and it doesn't drive the situation at

all.

M: The idea of the computer diagnosing the problems or sup-

plying among a basically infinite set of possible causes of

particular problems, a group of probable factors is a problem.

What we are seeing here is the way that an immense amount of

historical data is indexed. The reason for the indexing is

that, for example, the screen that you see is of finite

extent, that is the amount of information that can be put on

there is limited. This drives a hierarchy of information.
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BI: What I'm trying to get to is to cut down on the amount of

stuff that is on the screen and just put out the significant

points for problem solution ... drive the problem solution.

M: We had a version of that in the survey, which was a dis-

play like this with almost no information on it and basically

the information that was displayed was only the excep-

tion information. In other words, you have a listing of the

things in the data that were abnormal. Use those to drive the

next things you will be seeing. The overwhelming response on

the survey, however, indicated that...

Me BI: My response was the same on that thing. I wanted to know

everything.

Cl: I think that for the purpose of formatting the data, you

are pretty much constrained to going in this manner.

M: That's the other point I was going to touch upon; that

it simplifes the data system. If we choose a given format of

display, it will solve or be useful in acquiring data for a

Df wide variety of problems, in this case, on a per engine basis.

What we are trying to get at is a single display that we can

have as a standard item -- a standard data product.

Cl: Within the operational environment, I think what he is

saying is that he's not going to spend any time on this chart.

He may have to flip it and he's going to go directly to the next

one. If, however, instead of a "LOW THRUST" it simply says

"PERFORMANCE" down there, he may spend a bit longer looking for

some other clues.

BI: It doesn't key me to my next action. See, just because I

have a LCF counts on a core does not mean that the core may

be close to a scheduled event.

M: Would you rather see, for example, remaining LCF to an event

on a pacer module basis?
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I.

D2: Either that, or get back to the GPA correlation with time

and cycles.

BI: I don't have an event on there that really tells me what

percent of the net GPA the core has affected. This is my main

point - the first thing I flip up on the board that makes the

decision on what to do. Am I going to call the guys out there

to troubleshoot the thing, or can I make the decision, "hey,

this one is so close on scheduled events and on all other param-

Ga eters to go into hard maintenance, that I might as well pull it

down and get it into hard maintenance and not waste AGS effort."

M: How about adding an additional column? Another column

would be a directing action, for example, to access to the GPA

trend. Under the PACER LCF or TOT, it says, "look at the history

of the time/cycles."

Bl: There ought to be a lineup -- "not a candidate for

immediate," or "candidate for immediate removal based on

schedules" and then you go in and you pump your schedules

button. If it throws up what you've got there, you automatically

see there is a fan coming up on schedule, a gear box coming up

on schedule, and this core is rotten for some undetermined

reason. That's three modules. That gives me the authority right

then and there to take a transfer action of that engine down to

the depot.

Da M: How about displaying an item that directs you to push a

button.

Bl: That's what I mean. You don't have anything to drive me

to the next input. Now, if that input happens to be 3 letters

and a number that I have to punch, then that input out to be

displayed - 3 letters and a number - so that the guy can just

punch it in. He doesn't have to look through a chart to figure

out what three numbers he needs to punch next.
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M: That's a very good comment.

Bl: The maintenance status that I'm looking for is "What's

going on today?" I don't want to have to make the decision,

the decision should already be made and here is what I am doing

today.

M: The real requirement that it lays on the system, is that

during the debriefing or prior to debriefing the aircraft being

squawked is down-loaded.

BI: If it has an EDS on board. Let's just not assume that.

I hate to assume that we are going to have EDS or some on-board

unit on the weapon system.

Te M: In that case, the diagnosis of the fault has to be made

upon data prior to the flight and pilot's squawk. There is no

reason that could not be doae. That is one of the things we're

trying to establish. Maybe one of the requirements we have is

that located in the vicinity of the debriefing area, is one of the

terminals.

Bl: I think your approach at each level within the base is

to determine what has to be done and tell me what has been

done already.

DI: I think we have already made the assumption that the EDS

is on-board because it's right there.

BI: Instead of EDS you could just as easily have EMS there.

M: The information explained here is for an FlO10 EDS svstem,

but we're not constraining it to anything like that. What

we are interested in is the itens of information that should be

there and if there is an automated turbine engine nonitoring

system on this engine, then there would be an item there cor-

responding to that, if there was not, it would not be on there.
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Dl: I don't see the significance of a squawk at all. There

is no reason for a squa :k because if he has the EDS, he has

an indication that he's got low thrust, EPR is low. He punches

the button, it takes all the recording right there at that point

Dm and time and when you dump it, down-load it, it's right there.

That's where you really need to start pulling apart. Not the

fact that it is low, but how low is it?

Cl: Keep in mind that this data is going to be used in a number

of different areas in maintenance complex and you and your

specific job may not use everything on that sheet, but I may

need it a day later.

Bl: Absolutely, but I think what we ought to try to do from a

field standpoint is to address problems with our weapon system.

We're addressing a computer system to help us manage what we

do on an airplane. So, you have to really start your thinking

at the level where the problem occurs first and then figure out

all the management aspects, e.g. when does this guy have to see

this daily status of engines and what should be on it relative

to when the event/problem occurred. What's the logical sequence

of maintenance events after an event occurs? Well, it's going

Go to be debriefed. Then some decision will have to be made as

to whether it gets work now or gets work later. Then, when it

gets work, how do we work it? What's the best route to follow?

What's our most economical route to follow? Is that engine so

close on time that the most economical route is to pull it.

Those things would have already occurred before this maintenance

control officer comes in and punches D for Daily Status.

Cl: In order to make those later decisions, you've got to know

what the problem is now. Because, even though you may be within

Nis 10% of the core limits, if you don't have a spare engine, you're

going to fix this one to fly on that 10%. What I'm talking

about is the decision process that gets you there. I think that
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the decision process has got to be the same for each problem.

Recognize what occurred, what the cause is, then what you're

going to do about it based on all of the data.

Bl: Now let's take the problem as it occurs. It happened, the

pilot reported it, it goes into debriefing. There is the first

place we need some information.

Cl: We want to know what's the cause of that problem. Then

we can make our decision as to what to do about it.

BI: Here's the best probable route to take based upon this

engine's history and the current problem with the engine. So

it gives you a couple of routes to follow. Here is the point

where now we need to make a management decision and it has to

come up to a statusing level.

Cl: I still don't understand that.

Bl: The guys down in debriefing don't see the big picture of

Md the wing. They're not the guys who make the decision. They

are the ones that input these little points of information.

They troubleshot this system. The computer told them the best

possibilities based upon this engine and this problem at this

point in time. All of those things should be forwarded to the

management level.

M: Let me restate this. We go through the scenario of a

squawk during debriefing of low thrust. There might be a

terminal in the area. An entry might be made right at the time

of a pilot's squawk. From that point on, it is available to

onyone else. Further displays are accessed in the debriefing

room to indicate what might be wrong. If it's a more subtle

problem, there might be other management decisions that

have to be made, it might be deferred. In another level,

higher up for example, in scheduling maintenance at some later

time, maybe an hour later or half a day later someone gets this

type of display again, and he can go in and look at all the

age and cycles indexed by this piece of information and then
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he can prescribe his maintenance. We are trying to get from

you guys what we put up here. What pieces of information.

We will come up with one display updated on a periodic basis
from downloaded EDS data or from a pilot's squawk in the de- '"
briefing process, manually.

Bl: The displays should be generated for the level that the

display will be used. And they also sequence themselves in

time of requirement and that sequencing of events should drive

you to the logical display.

B2: The last update was 5 June and that thing was output b June.

Is there any way you can indicate what system was worked or

whether it was an 04 (TRIM) or a 2300 (TURBINE ENGINE) work

code prefix. Is there any way to indicate that the last up-

date was something about changing a fuel pump or a fuel control

or whether they were changing a clamp on the oil cooler, since

the latter has no relation to low thrust.

M: "LAST UPDATE" refers to EDS. The maintenance history can

be accessed with another display.

Da B2: Is there any way to show evidence of acknowledgement. If

we get the low thrust and some guy decides to fly the airplane,

can we get a signature or man number or some indication that

someone saw this?

BI: He's got a good point there because the pilot may have

written up low thrust. That thing up there says, "Hey, there's

nothing wrong with the engine, go look at the airplane."

M: The display indicates low thrust was squawked and, in

addition, the performance measurements corroborated it.
Bl: But, a 33% may be within the acceptable band of that
particular engine and there ought to be something on there

that says "this is acceptable."

Dm Dl: But that would not be an instantaneous Jump.
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B2: Is there some way to show if this is a flyable condition.

The pilot could fly with low thrust all day. Should we drop

Dm one 750 lbs and let him go? What I'm saying is, ideally we

have a known fact that if your engine is, say, 2.1, then you can

fly with 800 lbs of bomb. If it's 2.0, you can fly with 600

Ibs of bombs. When you're looking at it, it's usually a TAB B

situation. These guys are coming back with a 1-hour turnaround.

If this thing's going to work, it has to make money for us in

combat, not peace time.

M: A display that shows no diagnostics would indicate a

flyable aircraft even though some of these events occurred.

This system is resident avay from the flight line. As part of

the EDS system there is a flight line diagnostic unit.

B1: I got the distinct feeling that you are hung up on EDS.

The program ought to have a little bit of looseness. Don't

get hung up like that.

Now there is an alarm on the status. The guy's next

logical thing was to punch this display.

M: That's right. The set of possible failures that can occur

can be picked up at the flight line is smaller than the set

of all possible things that can go wrong with the engine. The

pilot in debriefings squawked low thrust and in addition, more

detailed off-line processing indicated that events occurred.

Te In addition, historical events are brought up because that's

going to affect what's going to go on next with the disposi-

tion of the aircraft.

B2: [lo I have to detect a relationship to MADARS? If I do,

then you know that MADARS is really a neat little trick. It

does a lot of things for both maintenance and AFLC. Why don't

.%e ju-t take MADARS and improve it?

M: This might be looked at, in fact, CEMS might he looked

at as the next generation of a MADARS concept.
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This is a fresh look at the problem. We're doing a systems
analysis study of the user requirements not specifically tail-
oring a system of software.

4.4 Gas Path Snapshot (Figure 3)

M: The next display is a GPA snapshot. It portrays the rela-
tive health of each of the five gas path modules, and their
serial number.

DI: You lose the cycles on the HPT.

M: Would you prefer to have that rather than total operating
time?

Dl: On those two, you work with the cycles.

Ga D2: What they're putting up there is a gas path analysis.
They're hanging their hat on this GPA number telling us more
than time and cycles. There may be a correlation, at this
point unknown and unspecified, but what we are looking at is
a GPA number which goes from 0 to 100, a 100 being fine and 0
some severe degradation in performance.

Bl: I still don't feel this gets me to a decision. I see a
core indicated there and I see a HPT and I know that I've had
a 33% jump in the core.

D2: You had a core performance degradation of 33% from the last
time this EDS information was updated.

Md Bl: From what I'm looking at right now, I'd say I just FOD'd
a core.

M: That's the right decision.

BI: I don't see that there. I know what you're trying to say,
but I don't see that there because I didn't see what was there

Tr before. If I look at the HPT, that's floating along; it may
have been floating along level, but I don't know that.
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D2: One of the other things is that with a system like this,

counting time and cycles, if you're mixing and matching modules,

your engine has to be instrumented to count not only overall

engine cycles but module usage.

NI: You see the advantage in having a base level historical

data base. You just have to count engine cycles and accumulate

them.

D2: But the software has to add those cycles into each module.

M: The base processor linked to the data base has module

serial numbers and catalogs all the modules which are then up-

Tk dated.

Bl: Are we saying here that I either have the bottom GPA-

snapshot, or I have the top module health rating:

M: Yes.

BI: I wouldn't get both of those on a snapshot?

M: You could get both.

Tr BI: If I wanted to trend rather than to look at a GPA snapshot

in the hargraph form

M: That's coming up next slide.

BI: At this point in my access to the computer, I don't want

to see that, because I don't need all of it. I'll need it

later on though.

*I: At some point, you might want to look at that.

BI: I've hit the computer three times now and I still don't

have my problem answered.

4.5 Gas Path Trend (Figure 4)

1I: The gas path trend correlated with maintenance history is

shown on the next display.
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D2: The computer sees all of this information that the core is

the lowest and it should automatically just spit that out for

you instead of you having to go through one or two iterations.

Bl: Back in the first display, I already had it figured out

that it was FOD'd. I was taking it for granted because none of

the other modules were displayed and there wasn't some other

information to drive me to another module. The most probable

Tr thing that I had was a FOD'd core.

M: Then you would not have needed access to this display.

Bl: You have to take a look at who's going to be looking at

this information. Can anybody, at any level, come up with the

right answer?

M: You indicated that you can do it from this one.

Bl: By feeling that if there were something else in there that

should be presented the thing would have presented it.

D2: You would see it in the GPA.

M: The problem with having the computer make a decision is

that there is a finite probability that it will be the wrong

Da decision. In other words, we're not trying to replace the human

in the loop.

Bl: I understand that, but this is an access thing. Its

availability of data to make a decision.

B2: Does it only display the core because it's less than 50%?

M: The last 100 operating hours may be the critical interval

and you might specify the core specifically. Look at the infor-

mation content as far as boot-strapping these displays to appear

Df automatically or to appear on user request. Let's concentrate

on the items of the display and see if we can change those and

worry about the boot-strapping operation later.
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Ga Bl: Again, GPA takes in what parameters?

Ml: The gas path analysis is done with the performance data that

is acquired with the TEMS.

Cl: It will vary from engine to engine.

M: Depending also on how the modules are configured. The

module-directed parameters are dependent upon the modules.

What we specified here is a 100-hour limit. We thought that

would be a reasonable interval on which the trend automatically.

You could ask for the last 200 hours as well. Would it make

sense that the last 100 operating hours on that core would be

Ad what you would be interested in looking at?

Bl: The thing that I see is that the maintenance actions

indicated are relative to changes in the trend.

B3: You say you are not going to lose any of those maintenance

actions?

M: No.

B3: How often should the trend of information be updated?

What are you talking about here? You should update every time

you do an action anyway.

M: That's correct. The question is, does it make sense to

do it that way or can it be done less often?

B3: My question is, how long does it take to update it?

%1: The information is fed in about once a day. The trending

procedures are something that require computer work, especially

if you have a large number of engines and it might take 15

Ad minutes of computer time that could be scheduled in easily at

2 o'clock in the morning if it's an automatic process. But

on the other hand, if you only did once a week it would require

less computer resources than if you did it once a day.
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Dl: The onboard electronic processing unit has to he dumped

periodically into the DDU. That unit can only hold so many

engines worth of data before it has to be dumped into a perman-

ent storage.

Tr D2: The trend data gets put on a disk where we can print it

out. In fact, the trending was an item at the last diagnostic

meetings which got quite a bit of attention. One of the items

which came up there was that a feasible means of handling the

trend data would be via some type of compression technique.

You would only take a look at the individual points from the

last so many hours, whatever that may turn out to be. You could

actually look at the points for each individual flight and all

the data prior to that, you see as an average trend for those

hours. You see this average trend and then look at your indi-

vidual flight points. One of the things that I brought up at

that meeting and I'd still like to see is the possibility for

Da the operator to look at a particular window or to sort, i.e. to

take a look a little more closely.

M: In other words, go through all the data and pull out all

the take-off points or whatever by window?

D2: Yes, that type of flexibility.

M: That flexibility should be in this type of system. Would

you suggest that the people in the maintenance area who are

doing daily type work would use that'?

D2: People in the shop may want to do that.

Bl: There's another thing on this that you really need and it

goes along with what you were saying here. When you have a

malfunction, it could correlate with the type of mission flown.

Co You ought to keep that data in the history so that you can see

if there was a trend in "type malfunctions" relative to missions

flown.
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M: Do you mean held within the history over the last 100

operating hours?

Bl: No. For example, for this low thrust write-up. If he

was in a specific mission environment, in a specific spot in

the envelope, the low thrust that both the sensors and diagnos-

tic system are reporting and his seat-of-the-pants feeling may

be perfectly normal operation.

D2: What you'rc asking for here is, what happened during that

particular flight that this pilot squawked.

BI: The fact that I'm trying to make is when I got that 33%

drop, 33% GPA, that is one reading that I formed. Now, if I'm

in a mission that has by its environment dropped the engine to

that point, that's a false point that I'm looking at.

M: The flight point that produced that diagnostic was a

stabilized condition.

BI: The way I understand EDS, if any parameter goes out of an

exceptable range, it will ring up the system and snapshot.

Dm Cl: That's an event as opposed to a trend, or a performance

snapshot.

M: But that data is not used to make this calculation. The only

data used is the stabilized performance data.

BI: So, possibly there should be an entry in the first display

that would indicate that this is a stabilized data point.
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4.6 Watch Status (Figure 5)

M: We discussed the concept of a watch status. Here is a

watch status report where five engines have been flagged. It

lists their location, the reason for the flag, current GPA

rating, clicks remaining, the pacer module, hot section time and

life limits occurring during the next 100 operating hours.

The reasons used to flag an engine on a watch status include

a deteriorating trend of GPA, vibration jumps, SOAP trends,

life limits. On the second engine, the core is due for 900 cycle

Ws maintenance within 1S operating hours. A large jump in the

gear box vibs on the third engine suggests monitoring SOAP.

The fourth engine shows change in the SOAP, i.e. nickle for

that particular engine over the last 20 operating hours. The

fourth has low performance and a trended GPA dropping.

D2: This is the normal data that you are feeding in to the

system and it automatically prescreens it? Is this a separate

data input that gets put in some place or is it using the cur-

rent information to give us this engine watch status?

Da M: If you flag an engine for being on watch status based

upon the fact that it had a lower performance ...

D2: So an operator would have to say, "I think we have an

engine here that we're going to watch," and then he has to

do something, and the system will track it?

M: Very much like a SOAP too, which says if the metal is high,

monitor pre- and post-flight and watch it. Should you auto-

matically insert it into watch status?

D2: A person reviewing data items would have to go to his

terminal and input a serial number and indicate this or that

reason?

M: We're talking about automatically putting an engine on

watch status. The computer would make the decision.
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D2: This is an engine watch status as a result of limit exceed-

ances and GPA degradation rates and it's done automatically

or it's not done automatically?

M: The information is updated automatically. It could be

flagged automatically, manually or both.

Cl: I think it really ought to be done automatically. I

would prefer to see it separated. Those that are running out

of life on some parts on one page and the performance problems

on another. My life-limited parts I may only look at once a

week. Performance-oriented problems I may w-int to look at

dail v.

BI: What you're assuming is that a life limit drove the watch

status. I would not assume that this is what we're doing.

The watch status could be driven by a trend of 0.5% per oper-

ating hour of low performance. And when you look at the HSI

and HS2 you would see that you have bad FTIT problems. If

there is a life limit in a very short amount of time, can you

go in with an inspection or a check on the probes and still

Md keep the engine running or should you go in there right now

because those probes are beginninr to show the wrong reading and

you are burning up the turbine right now.

M: The watch status is meant to be the categories which don't

have a maintenance action required immediately, inspection or

anything like that, but which maintenance may be imminent.

Dl: You're talking about cycles over there in the pacing

item and vet when you're talking about life limit, your talking

about hours. What do you do when you have x number of cycle -

left?

BI: This is one thing you need to clarify. If tie intent is

Lu to display life limits as time remining in engine flight hours

then it should be so stated.
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Just take the top one up there. Say specifically that

the engine had the cover plate replaced at 100 cycles, so you

still have some cycles remaining, and that equates to 82 flight

hours.

That's really what you're trying to say there, but its

confusing.

Dl: You can fly the aircraft from Holloman to Spain and

in flight refuel it five times and only create one cycle.

M: Yes, we are using the engine flight hours to cycle equiv-

alence standard for that engine that's determined for the

fleet by AFLC, for example, the FI5 is 1.37 or something like

that.

Bl: I would not like to see that. This is a base level item.

Your computer should provide the average cycle equivalence

Lu for that particular base. They are all different and the 1.15,

which is the number you are searching for, is so erroneous

it's not funny.

M: You would like to see a utilization rate which is base-

specific.

Bl: If you're trying to tell me, "I've got this much useful

life remaining," then it should be the useful life at that

Ws base. Also, the watch status engines should reflect the air-

craft deployability.

M: Do you think that the definitions of watch status is that

you wouldn't deploy with that aircraft?

Bl: Well, for instance, if I have 82 hours remaining that

would probably pull me underneath transfer limits. But a

person normally reviewing watch status may not really equate

that. I'm asking for a little more information, like an asterisk.

That would indicate nondeployable.
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M: Do you think that the watch status concept is a good idea?

Da All: Yes. (Consensus)

B2: If you start creating these data products which forecast

the ability of wings to sustain war, like how many airplanes

can we send, would that be classified output?

Cl: No, because these are only recommendations as to what you

would want to do with respect to deployment situation. If you

are out of airplanes and you need an engine, it doesn't make

any difference what's on the display, you're going to deploy

it.

M: Parts of the data system are confidential and will be

secured as such.

B2: They will not be accessable then?

M: That's correct. There is a whole series of security-

type requirements. If you do see anything in any of these

that would be a confidential item or that would require

security protection, let's flag it.

D-43



4.7 Engine Profile - Trending (Figure 6)

M: This is the engine with the performance trend dropping about

.5 percent every operating hour. You can look at the trend for

the last 100 operating hours at various intervals.

Bl: This is more consistent with what we would like to see,

i.e. the effect of the problem against the overall trend.

M: Would you say you need both the snapshot and the trend?

Bl: This display gives you an idea of the maintenance category

the engine might fit into, relative to scheduling.

Cl: Really the CPA snapshot indicates to you which modules you

want to test.

Bl: It's helpful to have both of them up there; to look at your

overall engine and the module, and then trend what you want.

Cl: Can we see the HPT and the core against each other?

M: Yes, that's possible.

D3: How is the net GPA different from the individual terms?
Ga

M: It's a weighted average.

D3: The weight pulls mostly on the core and the high pressure

turbine?

M: Yes.

Bl: We want to provide some information for the guy to make a

Df decision on what he's going to do in the engine. There is enough

there to say the HPT is going downhill and the core is following

it. Probably the best thing to do is to change out to the core

and HPT. However, what I don't have is enough information to

match my component changes with other available parts, to (et

some more life out of it. So maybe another call to the computer

would give you an economic analysis of maintenance on the enginc.

You need something to indicate what additional TRIC's to run to

get that information. It should give you the economic:s nF tli>
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maintenance action: do I want to let it continue to fly out

Om its 82 hours at a .5 percent degradation rate, or is it more

economical to stop that deterioration right now, because I

don't want to burn the thing out completely.

M: What units do you measure that in?

Bl: You would measure that using GPA to indicate the condemndation

rate is going from 2% to 50% in a period of time. That still leaves

the determination to fly the aircraft out at the DCM. He may say

he can afford to throw parts away because there's more economy in

flying the next 40 missions.

M: That's an excellent suggestion.

Bl: You should have a border line across 25% or whatever that

number is, to indicate this.

M: Suppose I swap one module, how does the GPA recover? Is

that a useful question to answer?

Tn Bl: And what is the new trend for the next 100 operating hours.

M: How far ahead would you need to forecast?

Fo BI: To the next scheduled or life-limited point in the engine.

M: You want the ability to run that for a number of different

component combinations?

D2: There is a tremendous amount of flexibility in that. De-

pending upon when the next scheduled event is, whether it is a

time/temperature event or a phased inspection, you could change

Po something that would still keep that engine on the aircraft until

you get to a phase, and fix it up then.

M: You must know when the next event will occur.

D2: You know when the next hard schedule maintenances are going

to occur.

M: "Hard schedule"?
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D2: The phases and those types of activities. You know when

they're going to schedule the aircraft down for water washes.

You can correlate time/cycles to parts consumption. If we know

Ms what module is contributing to our performance degradation and

to what degree the various modules do contribute, the question

is: "What could I do within a reasonable period of time to keep

that engine flying?" Maybe you don't want to pull out a whole

core or compressor. If the compressor is the biggest item

contributing to the performance degradation and the fan is also

contributing, it may be easier to change out a fan than to change

out a compressor. That could change your GPA to an acceptable

level. You could keep the engine on the wing for another 100

hours, and then fix it up at its phase. You may have prevented

complete engine removal.

M: The key issue is the integration of all these factors.

D2: Previously, they would have pulled the engine out and maybe

Ga sent it to depot.

4.8 Engine Profile - Integration (Figure 7)

M: The next display looks at another profile of an engine on

watch status. This engine had a vibration jump. The oil analysis

trend shows the rate of change in parts per million per hour.

That's a little bit different from the SOAP charting that is

normally analyzed. Comments?

B3: When was the SOAP taken?

M: It would have been taken after the last flight.

Cl: Why did you choose to show that PPM/Hour, rather than against

the established guidelines?
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M: A lot of TO's are written in terms of PPM/Hour.

So Dl: No, just parts per million. It's the parts per million of

wear metal in that oil that you're sampling.

C2: Time is only a convenience for trending. It is strictly

a PPM.

M: If you had a certain parts per million level, does that

specify a maintenance action?

C2: Yes.

Bl: There is a flat limit on parts per million; also, there is

a limit that indicates rate of rise.

DI: You have a trend and a threshold. There are two different

things you want to watch in SOAP, and those are the trend

and the threshold. And if you hit either one, you start doing

something.

M: Is the trend parts per million since the last SOAP?

C2: One of them is. I think you could put both SOAP displays

on the one chart.

DI: On your Fl00, for some reason titanium is a critical.

C2: You could plot any of them, but you'd have to be able to

put the threshold in for whichever one you were plotting.

4.9 Sorting (Figure 8)

M: The next display demonstrates sorting engine files based

Da on a serial number. This might be used for locating a specific

TCTO completion record. The columns are: serial number, status,

location, health, trend and clicks remaining, pacer module, hot

section time and life limits.

51: If you had a number of components or modules that were coming

up on life limits, would they just continue to display themselve'
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down the columns?

M: On a summary display there would be an indication of 1.

You could get the remaining ones displayed.

Lu BI: If there were more than one component or module that was

coming up on life limit you should put a TRIC in that column,

which would drive the guy to go in there and display it.

M: Would you rather have life-limited components within 100

hours come up, or would you rather just flag a continuation?

Bl: If you were looking at a base that had 180 engines on it,

Df what percentage of the engines would fly into the status monitor.

I know you could roll it, but would that be the thing that you

would want to do?

Cl: I could envision circumstances when you would want either/or.

Bl: They put the biggest life-limiter up there, which is a fuel

pump. They put a TRIC that says, "Now, hit that TRIC on that

engine's serial number," and then you get a hard copy of every

component.

B2: Is it possible to get a number, like that particular engine

has five life items, 10, or 20?

Da Bl: That might be a better way to go. In fact, that comment

relates to every one of your presentations. If a presentation

drives you to go someplace, give him what he should enter so

that he doesn't have to look it up on a card or a book or a tech

order.

D2: Maybe the first display after you give some documentary

information would be index, saying, "Here's what else is

available."

Bl: No, don't confuse him. Just point him in the right direction.

C2: I don't think you need the index-type thing. 1 think you

just need something there that says, "Hey, you got this information.
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If you want more, punch A-2 or whatever." Just give the guy

what he needs to know, because he doesn't want to keep going back

to an index.

BI: He ought to line the cursor up under life limits and then

hit the TRIC and go forward. Limit the number of entries the

Df guys have to make.

Dl: If we have a wing of 72, we're talking about 160 engines.

Are we going to have a roll capability on this?

M: Yes.

Bl: Let me throw one at you. Can the computer analyze the

maintenance that has been performed on an engine build, to come

up with an indication that this engine is past economical main-

tenance? In other words, if this engine keeps displaying problems,

and keeps forcing us to do maintenance on it, over and over again,

that is when we havc reached the economical limit. We want to

send the whole engine back to get it completely restructured.

Dl: Let me address that. OCM is going to look at that engine

and only fix those things that need to get fixed to bring it

back up, and you're going to get it right back.

Md Bl: Absolutely, and I think that's a good way to go about it.

But, if we get an indication that, "Hey, we've reached a point

where this engine is completely wasting our money and wasting

your time, becasue every one of those components is going to

come back to you and get recycled." It's just a non-economical

engine. We need to alter that build in some way or another. You

know, that type of analysis against the engines to say, "Hey, guy,

you're just spinning your wheels on this engine, pull it out of

there and do something with it."

4.10 Grouping Capabilities

M: The next set of displays shows the health of a squadron at
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one point in time (Figure 9). You would be comparing the current

Gr health with the health at another point in time. It is a snapshot

comparison between the two dates (Figure 10).

B2: The range would be in GPA?

M: Yes, in this case, we are looking at performance.

DI: Something else I'd like to see would be the left and right

engines alongside one another.

M: The capability would exist to do a snapshot on any subset.

For example, a snapshot of left engines on the left side and right

engines on the right side.

Bl: I'm trying to figure out what that's telling me. What am I

going to use that for?

B2: You'd probably use that up at headquarters to see if the guys

are washing the compressors down at the local base.

D2: No, you can use that at the squadron.

Cl: That's just to look at fleet performance.

B2: Well, I wouldn't need that down in the AGS.

BI: It doesn't show me movement in performance. It doesn't tell

me how many total hours I've flown, it doesn't display the sorties

flown, it doesn't display the type of sorties flown.

D2: It tells you squadron-wise you've had a significant degrada-

tion of performance over the period.

Bl: Is that significant or is that normal for what I've been doing

with those airplanes? That's what it doesn't tell me. It just

gives me some numbers and I don't know what to do with the numbers.

M: Going into this, you will have some knowledge of the mission

being flown, in terms of total operating time or sorties.

BI: Cumulative missions on any group of aircraft--it needs a
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computer. I could never be that knowledgeable.

M: The question is, is there a function that this display could

address. Does anybody have a use for this display?

Ms Bl: There is a use relative to scheduling the remaining life in

your fleet, if you knew what the levels were related to.

M: What do you mean?

Bl: Suppose I did air-to-ground missions during the period. When

I started I knew the performance or health of my fleet. Afterwards

the health of the fleet has deteriorated. I still have life left

remaining, and I need to know how much. By changing the mission

that I'm flying next month, I could take advantage of this knowledge.

Fs It also gives me data that I would use, to determine that I'm getting

a lot of engines that are going to be coming out for maintenance all
at once. I want to do something now to segregate these, and find

out which are falling under that category so I can not fly some, or

fly some faster. That's the type of information you could use, but

there is just not enought to direct me to ask the computer the right

thing.

B2: Is there any information available on each engine snapshot?

M: Yes, but you'd have to go through 36 of them and tabulate them

to find out that your whole fleet was going downhill.

BI: From something like this display, my next TRIC would give me

a movement in time. In other words, where do those figures fall at

a particular point in time? I need to know where all my work is

going to hit me, at what point in time.

M: The next display (Figure 11) is a bargraph representation of

the same information.

BI: I can use the information at MAJCOM, but not at squadron.

Df M: We've actually got those coming up later.

D2: I would say that from a readiness point of view, which is

D-S6

L,.,"



Ito

azo
CYC

CLC

- I

mCD w cozS

LL G

CCA

aa'

0- 0-

a- 
I

a%

I S

..9

8 S O 15

~S7



what everybody actually is talking about, this is important to

look at.

4.11 Ranking Capabilities

M: The next display (Figure 12) shows a rank of all engines on

a nonstandard attribute, ranking all fans whose total operating

Ra time lies between certain limits. Standard pieces of information

and information on the fan, serial number, etc., are obtained.

B3: Why do you need delta TIT?

Df M: It is used in the standard presentation. You may not use all

of those pieces of information.

B2: Can you put the title on these displays'?

M: Indicating what was sorted? Okay. That's it...

B2: All the Airmen First Class will be doing this thing.

M: Looking at the next display (Figure 13), you want to rank

your engines according to joint health.

BI: When Plans and Scheduling comes down with some recommendations

and you have the ability to look at this, you'd lik-e to see it.

Ms B3: Yes, but the DCM makes the decision.

M: But somebody needs to know that there is a 900 cycle core

due in 82 flight hours.

81: You've been looking at Langley AFB, right?

B3: They do that all the time; they swap engines out.

B2: We're scheduled for deployment, then we say, "Hey, we have

to change this one." You're going to take away our most effective

way of changing cores.

M: Would that capability make sense?

All: Yes. (consensus)
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B2: This is going to pinpoint pilots, too.

DI: I don't know. You could have one sick one and one good one

and you're going to...

C2: Swap engines.

Bl: Explain JOINT GPA.

M: It's an average of the two engines installed on the aircraft.

Ga BI: My only suggcstion would be to take a look at the icing 6P.\.

You've got a pacing module, now displav a pacing AI'A.

M: What about eliminating lIST?

Dl: That's the first time it has come up, so evidentlv there's

nobody in this room that's really concerned about it.

Bi: HST? No sir.

Lu D2: The parts-tracking people are interested in that.

BI: No, that's a diagnostic TRIC.

DI: My comment is that ' haven't head any comment about lIST.

Bl: It's a diagnostic tool, rather than a limiting tool.

M: It's correlated to the current HPT.

Bl: You don't need STATUS.

M: Those engines and aircraft are all fully mission-capable.

D2: JOINT GPA does disturb me. You just take two numbers and

average them.

M: It's just used for ranking.

Bl: Why not use the JOINT GPA without displaying it'

D2: I don't think JOINT GPA is a valid number base on the thenr,'.

M: You don't want to deploy an aircraft with one good engine and

one degraded one.

D2: I think your probability is greater of doing that by :eroingI

in only one GPA figure.
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M: Rank them by JOINT GPA, but don't present it. Let the

people look at each GPA separately.

Cl: One other point, before you decide to eliminate the STATUS

column. It's not inconceivable that you'll have airplanes with

excellent GPA but which will need fire control work for weeks.

Md M: There are other reasons for not being FMC.

Cl: If nothing else, it's a source of good engines.

Bl: Yes, it is a source of good engines.

M: The next display (Figure 14) shows the status of uninstalled

engines.

BI: Instead of a SUPPLY column, put in a MAINTENANCE AND SUPPLY

problems column.

Su Cl: Or just PROBLEMS. The percentage number doesn't have any real

relevance unless you know about the job, i.e. in terms of planning

how long it's going to be before it comes through.

M: You want an indication of the problem?

BI: Yes, is it a waiting maintenance. Of the three there might

be long or short ones.

B2: In the ENMCS, I feel you need that documented. You should

interface with the supply computer. This would be perfect,

especially for uninstalled engines. Why should the guy have to

Ba go to three or four different computer products to get the whole

story? If we're going to use this BASE STATUS MONITOR, then I

think you ought to equip the system to handle the supply docu-

mentation. The ENMCS is 119 data product. You should print out

supply document number.

Bl: Make a separate TRIC to display document numbers.

M: By document number, is that the part number for supply?

BI: It's the requisition number for that supply problem.

B2: You definitely need those, so you can say it's 40' ENMCS.
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I reality, it may only be 10' as far as completing the engine;

ih's 90% built-up. It has 10% to go, but it has eight parts on

order. All these parts are minor parts, that can be put on within

3-4 hours, whereas another engine will only need two parts but it's

Su way inside the engine and the whole engine is being held up for

them. So if you really want to help that guy out, you need those

supply documents.

MI: This morning, we eliminated the percentage on ENMCS.

Cl: You don't want to eliminate it in this case, because it

tells me where that engine is in the maintenance cycle.

BI: But, again, you don't know what maintenance cycle it's in,

so 40%0 is relative to nothing.

Cl: We'll know what the problem is.

Bl: The supply problem is the existing problem. You wouldn't

have the maintenance problems built up, yet.

Ms Cl: The estimated man-hours to complete is more significant

than the percent.

BI: That's right. It's the backlog that will exist when you

get the supply problem satisfied. You still don't know when the

supply problem will be satisfied. The other computer has that

information.

M: By giving the requisition number, you could access that part?

Bl: So, if it's a supply problem, we don't need to see third-

stage turbine disk. What we need to see is "six parts ED 2 June."

C I : You need to display only the parts that are problems. You

may have 40 parts on order, but you may have satisfactory delivery

dates on 39 of them.

M : Okay.

CI And as far as the percentage versus man-hours, I don't hi ilk

it makes a lot of difference. Be aware of how the units are dOinT

t otar. The shops I 've been associated with deal in percent completc.

And if you go to man-hours, -ou may b-, imposing another task en

'.- BI
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them to keep that current.

M: Does anybody from Langley AFB look at it in terms of percent

complete?

B3: We always consider work order status in percent. The only

time it's different is when you're figuring a backlog for TAC.

Cl: If you know what the problem is, and you know what the per-

centage is, that automatically translates to man-hours.

B2: I think 400-1 (AFM 400-1) and also the other Regs specify

in-shop cause in percentage; when you're rating the engine as

far as how close it is to being FMC, it's in percentage. And

wlten we're talking about problems at a given base at command

level, we're talking about man-hours.

M: So, at this level, the percent would be acceptable if you

specified the problem?

B2: Yes, if you specify the problem.

1)!



4.12 Deployment (Figures 15 and 10

The next group of displays will address deployment.

This capability was originally envisioned as a command

level function for multiple based deployments. Survey results

indicated it should be a base-specific function. You go through

De a procedure that would be the same as making your own decision.

Any comments?

Bl: Any time you put that thing in a computer-accessible area,

you're going to have to make sure your whole computer area is

secure.

M: It would list (Figure 16) based on joint GPA, your eligible

aircraft. We indicate that, based on the condition of these

engines, you should bring four spares along and you are shown

two additional engines to replace those that have life-limited

parts.

Bl: I have to know what pa rameters the :omnutcr :ima: akin,, th:c

decision on. They may not be the same ie:, rain+rs nat e ,c :!

make that decision on. It's good information t- nave.

M: Would you prefer this method or the 2roccdi:e .-zc,,n

Figures 13 and 14, i.e. ranking the '-nc~n s.

Cl: I think that's the whole point. This display is redun._a nt.

M : Does it make sense to provide a depiowment planner?

Would there be any payoff?

BI: Knowing the rationale that went into it, how you rciched

those specific numbers, would make it more accetable.

NI: This is a computerized decision process :na it a (,!

he entirely accurate.

BI: Most deployments require a confi~lr;iti<n t: .,rp,,ne.

so the airplane tail number gets set, p ri. --
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the aircraft tail numbers and possibly some alternatives. The

Md output would be engine information as we have here; can we do

that deployment with what we have installed in those airplanes;

if not, here are suitable substitute engines.

I: If you are going to deploy 10 aircraft, you get a listing

of 10 that will go"

BI: The type of mission you are being deployed for may

generate the tail number of the aircraft, depending on what

avionics are on-board. You may not have too much choice of the

aircraft you deploy. Now we have to go into a planning situa-

tion. We have to know, "Will those engines last on those

deployed aircraft?"

I: The inverse video could indicate areas where you should

look further"

Cl: Does the fact that those aircraft tail numbers are listed

there imply that they ar- fully mi-ion-capable?

'4: Yes.

CI: I see an awful lot of problems, part.cularly since the

FIC status changes hourly. I h:ave a lot of trouble with that.

Nld I'd end up resorting to the manual system. I'd probably want

to go through and look specifically at engine:;.

.!: As it was in the first two displays?

CI: Yes, after I selected my aircraft tail numbers, look at

the engines in those airplanes to see whether they ere accept-

able for the deployment.

4 . 13 Ma in tenanceo F:orecast >-

The next display is a monthly re prt, based on acclumln iia -

tion of time and cycles. You would he interested in forecasting

D - (



Fo to an estimated removal date. This display correlates with the

general health of the engine (Figure 17).

B3: What is the margin on that GPA?

M: Type of limit? Based on the current health and the

degradation at a particular rate, we predicate the unaccept-

able performance date. It is difficult, without operational

experience, to set a margin. That prediction is based on the

current time and on the trend. It's a prediction. If

the usage rates of the engines significantly change, it will

be wrong.

Bl: Can you examine your whole fleet as percentages; which

are affected by cores; which are affected by fans; which

are affected by components?

\ : Do you want this in time and cycles as well as health

degradation?

BI: Time/cycle degradation. If you have a bell curve, you

Df know what percentage for any period of time is going to be

driven by fans, cores, HPTs, and components.

M: Would it be used more at a command level or at a base

level?

Bl: I can see it being used at all three levels: depot, base,

and command. It's a different scope at each level.

,M: What is the forecast interval?

BI: Six-month forecast is the standard you should go to.

Fo The depot would rather see something like a two-year "orecast.

Cl: Can we call it up that way? Can I ask for all engines that

are going to come up for cores?

RI: Any time there is information like this, You can 1 in on

any single element.

.. .7 7..
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i
BI: What we should be able to do is go from any direction we

Da want, like cores, and what percentage of cores are going to

come out for time, cycles, and for degradation.

M: How about a tabular list?

BI: I don't think for planning purposes that tabular gives

you information. I don't say do away with tabular. An addi-

Df tive to your tabular information would be a graph, a distri-

bution over time.

NI: That capability is one that is essentially available,

it's a matter of how it would be implemented.

BI: I can do it now on the existing computers.

M: This display (Figure 18) correlates GPA-predicted removals

with the time/cycle removals.

D3: Is the primary reason for the engine being displayed, the

trend in the GPA calculation?

NI: If you had a very high GPA but it's falling very rapidly,

you'll predict that you are going to need maintenance sooner.

D3: What's the breakoff point?

.M: This is a forecast of when it will reach the point when

it's going to need maintenance.

P3: Say you had an engine with a high GPA, a new engine out ot

depot, with something rapidly going and it was going down .5%

per operating hour. Would that come in here?

I: Yes, it would appear as an earl), removal data, even thouth

it was a new engine; that would flag it.

BI: Something like that though should be flagged as an aler.

M: Yes. If the f;PA is changing greater than ome rate or

if it jumps between two measurements, that trig4ers a watch

statu;.
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D3: What kind of limits are fixed? For instance, I think

you may have a -. 3% without any problems. We had that with

newly overhauled engines.

Bl: You can display this as a total fleet average percent-

age in degradation. In other words, 100 of the fleet degrae.es

at 2% per hour. You can track it over the months to find )ut

the environmental effects and mission scenario effects aoainst

particular degradation.

Dl: If you had a norm or an average there in that trend...

M: The trend is based upon a series of data. It's not the

slope between the last measurement and this measurement.

Hd BI: I hope that history starts at Day I and continues rm

D ay 1. I hope it doesn't end at Pay 30 and start all over acair.

M: The real question is, "How do I do this for a fleet )t

enginIs?" You have to look at an operational fleet of eng n",

and monitor them for awhile to look at an operational fleet

of engines and monitor them for awhile to get some experience

on the th-'eshold levels and what the levels of a healthy

engine are vs. an unhealthy one.

BI: That probably is good from a base standpoint. When VOLI

move it up to a command, I couldn't afford to go through every

engine that I own and try to look for trends or even have them

Df ranked by trend or ranked by GPA. What I need to have dis-

played is percentages of movement over the total or a period

of time. I would like to know what I was doing with that por-

tion of the fleet during that ;pan of time that generated th-,at

trend.

M: Is that a 1epot or command level monitoring function'

Bl: It would be a command monitoring function and it wokl1d

be an interest item at depot. If the\" could pha:se their pr-

curement to the cycles of events .

it



L2: We need two years.

BI: I really need forecasting ability for something like

that. You just need to change it around a little bit. I

Tr would like to add cumulative GPA movement within mission

type flown.

M: So, for example, on P-168, which would be in with a num-

ber of other engines that were flying the same mission there

would be a column that indicates a drop at -5% per hour while

the rest of the population is dropping at -1% per hour.

BI: That would flag the individual engine relative to

experience.

M: That's a good suggestion.

Bl: In the command level, it would also allow us to fore-

cast the drop out that we should expect if we fly that scenario

in an undeployed area.

4.14 Monthly Distribution

M: The next display (Figure 19) shows, on a monthly basis, the

distribution of all the engines assigned to a base. You can look

at the particular engines within each bar on the next display

Gr (Figure 20).

BI: For this type of a status, I don't see any reason to

have clicks. I don't need to see location. You need to see

cycles or hours.

M: In terms of a component that was pacing?

Bi: No. Do you have an overall chart that gives the pacing

module and gives you the serial number of the engine?

M: Yes, one response is that this type of display is not

appropriate.
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BI: We don't have a display that says installed engines,

health, however, we have data on other displays that give us

Df installed engines' health. Based on the question, I would

like to see an indicator of whether it was spare or installed.

M: You are only looking at the health of your installed

engines.

BI: I would like to see the pacing cycles or hours.

i: We're trying to search for a group of items that can be

provided over and over again. We can implement a significantl%"

more complex set of capabilities if we do that.

Md Bl: I don't think we're getting complex enough for these

questions.

Cl: Let me ask you (Bl) a question: what would drive you

to look at the right-hand side of the screen? What would be

the reason for doing that?

Bl: To find out what is causing my installed engine health

to be as it is. I'd want to see that in the overall fleet.

And I think depot would like to see that, too, because they

Df are trying to figure out what they should be supporting in

their production. More cores this month or more cores for the

next half year? Or maybe we should plan on fan-drive turbines.

Cl: If you're going to look at this, there are other things

you want to find out. How long you can leave it installed?

When are you going to have to do something?

BI: Presented on that display should he an indicator of

goodness, acceptable goodness. That chart doesn't have any

movement to it. It is just a totalling chart.

M: By movement, do you want to see what it looked like

last month?
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Bi: The month before, the present and four months out or

something like that. A period at a time to be specified, but

Fo we should be able to look at that past performance and we

should be able to take a look back at our requirements, i.e.

if I am required every month to enter my training plan or

flying program, then you should be able to forecast the GPA.

Since you know what I'm flying and you've got a history to

sav, "If you fly that, GPA deteriorates by that percent.'

%1" That could be done based upon sufficient amount of

historical data from previous flights of that mission.

Bl: Can you track the removals based upcn performance?

In other words, I flew x number of sorties or X number of

flying hours and I have had so many removals for cause, for

schedule pulls, and for unscheduled problems. I am forecastiag

this as we go out because I know I'm going to fly this amount

of hours and this type of sorties. The result would be the

6r number of unscheduled engine removals per thousand flight

hours and the number of scheduled engine removals per thousand

flight hours.

.M: Would that be appropriate at the base?

Bl: It would probably be more appropriate at the command

level, but I still think it can be used at base level because

not everybody at command is smart and people like to ask the

bases what they're doing. So the guy down there has to have

the answer and the easiest way is to give him that information.

Fo B2: The propulsion chief forecasts engine removals with a

formula that is already in existence. They predict the

number of unscheduled removals. There is a factor for doing

that. You'll be touching base with something that is already

in existence.

BI: But it could be done a little bit better because now he

knows what kind of flying we are going to do. The forecasting

D- 9



we have been doing has been so erroneous that it's not funny.

We don't seem to be able to match the forecast with the actuals.

M: How far are you off?

BI: Significantly, sometimes you are on the line and other

times you float around 50%.

M: Do you need 80% accuracy?

Bl: Of course, you would need better than that. Bases have

Fo really not looked at this type of forecasting. They will

forecast on general trend for six months. They can do this

by knowing the schedule requirements. Based upon flying this

airplane as it has flown and based upon the fact that the engine

doesn't come out because of something else. There are two vari-

ables here, the forecasting of a schedule on an engine, and

saying that engine will never break so it can meet its schedule.

Then he is forecasting unscheduled events. He knows there is

going to be x number in a month. But that is not based upon

what he is flying nor is it based upon the type of flying that

month.

M: The in-flight-acquired performance data can make a sig-

nificant impact on the forecasting.

Al: You're touching upon seme really significant stuff here,

if we can possibly categorize the flight data.

Bi: In February, TAC standardized the mission codes. Now,

we are flying a specific maneuver, or training to a specific

Fs maneuver; what changes between places is the envelope which

you are flying in. This base at 5,000 feet; this base is at

sea level. This range is 50 miles away; that range is -00

miles away.

M: That analysis is appropriate to the central data base

analysis.
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Al: The data is going to have to be tagged with the mission

that was actually flown.

BI: That stuff is in the computer. There is something in the

6510 recording system in the MIMICS computer, carried in the

DOE report.

D2: How are you going to get that mission code if you are

Ba going to automate all this? How does that black box know what

kind of mission is being flown? You're collecting raw data

off the sensors of the aircraft. The black box is collecting

this information.

BI: One of the blocks is the flight number.

D2: You get a flight number, but the aircraft may have three

or four missions. Somewhere you have to hang the mission in

that box to go along with the rest of the data.

M: If you have the flight number, don't you know the

mission?

D2: No. What I'm saying is that you have to get that into

the box.

M: The box is the data acquisition. We have data coming

in from the TEMS and data coming in from MMICS.

Fs D2: I don't see it occurring as obviously as you do.

Cl: It is keypunched in.

D2: That is what I'm saying. Here we are, collecting this

information automatically, now we are going to rely upon

critical data which is manually entered.

Cl: That is how the pilot's flight time is maintained.

That is going to be done regardless of whether we use that

information or not.
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D2: I just feel uncomfortable because I see a problem develop-

ing. You are taking data and somehow later on trying to capture

what type of flight that was; whether it was in training or a

gun run or a bomb run or something else. You are going to take

raw data and hope that it gets into this system; I just

don't see it going into place that easily.

Bl: I thought that the on-board box was going to interface

with the pilot mission.

B2: You are going to have to access the sytem at the de-

briefing area or in maintenance control.

M: The diagnostic system should catalog the time on the engine,

flight number, and so forth so this kind of correlation can

be made.

D2: The base schedules a flight; let's call it flight 1 on

tail number 111. He is going to fly a mission at 8 o'clock in

the morning and he is given a mission. That aircraft records

flight 1 and picks up some raw data. Unless that box knows

Fs the type of mission, I don't think you're going to pick up

somewhere down stream that at 8 o'clock tail number 111 flew

this type of mission. I don't see that happening.

Cl: You don't think that it will go back to the base computer

for access?

D2: You should input the mission then and there, i.e. flight 1

is a training mission and tag it at that point. We're trying

to follow those data products at Myrtle Beach now and it is very

difficult.

M: What we're here to determine is the data requirements.

The data interfacing requirements are the next step. How you

actually do this would be part of the design.

BI: I think it's there anyway.

D-S2
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4.15 Depot/OCM Functions (Figures)

M: The primary depot requirement considered was performing

on condition maintenance. To specify maintenance, you'll be

given certain pieces of information. There is profile infor-

mation (Figure 21) that would be similar to the base engine

profile. The profile indexes which subsystem summaries to

access.

Those of you who have experience with OCM, would there

be any difference in the profile information that you would

Oc want here.

DI: The thing that's giving them difficulty now is the lack

of documented history, i.e. what maintenance actions took place

or what decisions were made at base level to send the engine

back and the maintenance history that went along with it.

B2: How helpful were those TREs?

Dl: Very little.

M: What about the AFTO 781E form?

Hm Dl: The 781Es are gone. If they could get a data product

containing the 781E data it would be useful.

BI: We have the computer product on a 781E, it's just a

matter of the base transferring it. It has to be done and

all 781Es except for pacer engines will be on there.

M: The data product would be run off-line and it would

look exactly like a 781E?

Ar BI: There will be no hard copy on a '81E. The "81E data

should be transferred to the computer when the engine comes to

depot. Any changes that they make in the components at depot

must be input to the computer against that S/N. When the engine

goes back to the base, the computer transmits the information

and it's already re-initialized in the base computer.

There really is no paperwork to be done.
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Dl: We put our 337s and our TRE listings on a big table. We

have a planner, a scheduler, a production guy, a quality control

guy, and our engineer representative. They sit around the table

Df and they look at these documents. Each has a vote as to what

they want to do. What we would like to have is some small

product like the 781E. You could reproduce it easily. If you

could get it into a five or six part document so each man could

have it. They are all going over the same material at the same

time. They make the decisions and then they press on to the

next one. We do four or five of these a day. When you see

four or five cores on an engine or maybe two engines, this

takes a lot of time.

M: What about the AFTO 95 form (significant history)?

Hm Bl: By the time the new system comes out, they will be

automated.

M: By automated, someone at the base level will sit down

at a terminal to key it in?

Bl: The history will be divided into the module and accumu-

lated to a total engine. TCTO data is necessary for San

Antonio ALC and whether the base shipped the TCTOs with

the engine. (Figure 22)

A r

B3: Depot should like this system. We wouldn't have to

ship any paperwork at all.

M: Yes, that's possible. Now, you might want to displayi

the bar graph representation of relative GP.\ for all the

modules (Figure 23) and the trend information.

Bl: There should be a second display under the GPA snapshots

indicating cycles- hours, and limiting components within a

Df module. That would tell them how far to go on the OCM.
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The base would like the display then they got the engine from

San Antonio.

I: The next display (Figure 24) shows trended information.

In this -ase, the net over the last 100 operating hours,

correlating recent maintenance history. Trended Oil and Vibration

data are shown on another display (Figure 25).

DI: That's for engines. Are you going to have a similar

display for core GPA?

M: Yes, in the same format.

Hm BI: I think they also need the 1534 (AFTO 1534 form) data

that the engine went out under.

M: The removal reason?

BI: Yes. You should run a back history of 1534 on that

particular engine or module.

DI: The last entry on your 95 (AFTO 95) is the reason why

it's being shipped back to depot.

Bl: The engine manager in the MA area has been known to go

into the 1534 system and change the reason for removal.

He selectively does this primarily when we have removed an

engine for cause, e.g. the turbine blew out. However, the

OCM team is going to pull TCTO's, so he changes the reason for

the removal code to TCTO. You know what that does to us?

It makes our unscheduled removal rate very inaccurate.

M: This concludes this discussion for today's meeting.
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